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Abstract
Three field campaigns to the eastern lobe of the Tyndall Glacier in the Torres del Paine National 
Park, southern Chile, allowed us to record 46 specimens of ichthyosaurs, which are almost completely 
exposed and articulated, as well as several associated faunal elements such as teleost and ganoid fishes, 
land plants, belemnites and ammonites. The fossil-bearing unit is part of the Uppermost Jurassic to 
Lower Cretaceous Zapata Formation (Tithonian to Albian) and is Valanginian to Hauterivian in age 
(140–130 Myr.), as indicated by the fossil assemblage. 
The concentration of numerous ichthyosaurs in this area is explained by turbidity flow events, 
which must repeatedly have caught the ichthyosaurs hunting fishes inside a submarine canyon. The 
flows transported the ichthyosaurs downslope into the deep ocean, from about 200 to possibly > 2000 
m. Ichthyosaurs lost their orientation and were unable to return to the surface for oxygen. Some died 
during the transport and were immediately covered by turbidity sediment, while others were buried 
still alive; agony of these latter ichthyosaurs is expressed in the vertebral column of their skeletons. 
Isolated ichthyosaur elements such as fins, portions of vertebral column, or ribs, are explained by a 
previous partial decomposition of carcasses and posterior transport by the turbidity flows, with random 
distribution of bones along the canyon.
Presence of pyrite and calcite in ichthyosaur skeletons suggests an early diagenesis. This 
process, together with a rapid and almost instantaneous burial, the absence of scavengers and low 
oxygen environment, contributed to the excellent preservation of the specimens, which even favored the 
preservation of soft tissue. Abrasion of retreating glaciers polished the ichthyosaur bones and exposed 
the skeletons. The topography of the area shows some portions of skeleton exposed, while other continue 
embedded. The excavated specimens have demonstrated that the portions not exposed ‘in situ’ are 
contained in the sediment.
The ichthyosaurs have been assigned to five different taxa: Myobradypterygius hauthali von 
Huene, 1927, ?Myobradypterygius hauthali, Ophthalmosauridae indet., Platypterygiinae indet. 
Arkhangelsky, 2001 (sensu Fischer et al., 2012) and Thunnosauria indet. 
The new cranial and postcranial material obtained from the Tyndall fossil locality allowed to 
emend the original diagnosis of Myobradypterygius hauthali and to disassociate it from the genus 
Platypterygius von Huene, to which Myobradypterygius was synonymized in 1972. The amount of 
specimens assigned to M. hauthali has allowed to reconstruct the anatomy of the complete animal and 
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to differentiate five ontogenetical stages: adult, subadult, juvenile, neonate and embryo. M. hauthali 
was an edentulous Ophthalmosaurid ichthyosaur that shared the same ecological niche with dentate 
ophthalmosaurids. According to internal content and pellets, both edentulous and dentate ichthyosaurs 
fed on teleost fishes, using similar hunting strategies but differing in their mode of ingestion: dentate 
ophthalmosaurids used their teeth to pierce the food whereas edentulous ones smashed prey with their 
strong jaws.   
The cranium is exposed in five specimens and articulated postcranial elements are exposed in 
four. An isolated and an articulated forefin are also present. These specimens were assigned to three yet 
undetermined taxa of Ophthalmosauridae based on a remarkable differentiation in shape and organization 
of elements of the hind fin. Likely the three taxa represent new species of ophthalmosaurid ichthyosaurs. 
Ophthalmosauridae indet. documented here show similarities in the configuration of fore–and 
hind fins with Undorosaurus spp. and Cryopterygius kristiansenae from the Volgian (Tithonian) of 
Russia and Norway, but differ from these in the shape of the zeugopodium and the anterior and posterior 
extensions of the fins. The similarities with these northern hemisphere species suggest a convergence 
forming a yet undocumented Undorosaurus–like clade.
Specimens assigned as Thunnosauria indet. are distinguished by possessing a particular 
morphology of neural spines, which favored the attachment surface of epaxial musculature and therefore 
contributed to the increase in thrust force during swimming and thus an enhanced capacity to dive. The 
differentiation between specimens having this thoracic anatomy from others where it is absent, such 
as M. hauthali, may have dictated a different hunting behavior, reducing competition. Specimens with 
an evolved thorax have been shown to possess a forefin architecture similar to those of Middle-Lower 
Triassic to Upper Jurassic ichthyosaurs, suggesting that the fins of ichthyosaurs evolved independently 
from the axis of the body. 
Morphological similarities between Tyndall ophthalmosaurid ichthyosaurs and species from the 
northern hemisphere help us to understand the Jurassic to Cretaceous ichthyosaur distribution around 
the globe and pathways that these marine reptilians may have taken for dispersal. In this context the 
Tyndall fossil locality has a privileged geographical location that contributes to the comprehension of the 
geotectonic fragmentation of Gondwana.
Abstract                                                                                                                                                                  
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 Im Rahmen von drei Grabungskampagnen an den östlichen Ausläufern des Tyndall Gletschers 
im Torres del Paine Nationalpark in Südchile wurden 46 vollständige und artikulierte Skelette von 
Ichthyosauriern dokumentiert, sowie Teleosteer und Ganoidfische, Belemniten, Ammoniten und 
verschiedene Landpflanzen. Die fossilführenden Schichten gehören der spätjurassischen-früh-
kreidezeitlichen Zapata Formation (Tithonian bis Albian, 151-112 Myr.) an, wobei die Ichthyosaurier-
führende Einheit mittels Fossilien dem Valanginium bis Hauterivium (140-130 Myr.) zugeordnet wurde.
  Die Häufigkeit an Ichthyosauriern in diesem Gebiet ist einzigartig. Unsere Daten belegen, dass 
die Tiere von Suspensionsströmen erfasst worden sein müssen, während sie in einer Unterwasserschlucht 
am Schelfhang nach Fische jagten. Die Ichthyosaurier verloren ihre Orientierung und waren nicht 
mehr in der Lage, zum Atmen an die Wasseroberfläche zurück zu kehren. Die Turbiditströme rissen 
die Tiere mit und beförderten sie in die Tiefsee in über 2000 Metern. Manche starben während des 
Transportes und wurden sofort von feinem Sediment der auslaufenden Turbidite bedeckt, wohingehend 
andere lebendig begraben wurden; der Todeskampf dieser Ichthyosaurier kommt in der Wirbelsäule ihrer 
Skelette zum Ausdruck. Isolierte Elemente wie Flossen, Wirbelsäulenfragmente oder Rippen stammen 
von teilskelettisierten Tieren und Kadavern welche bereits am Kontinentalhang lagerten und dort durch 
die Suspensionsströme umgelagert und wahllos verteilt wurden. 
Ein hoher Gehalt an Pyrit und Kalzit in den Knochen deutet auf eine frühe Diagenese hin. Sie führte 
gemeinsam mit der schnellen oder sogar unmittelbaren Einbettung der Fossilien, dem Fehlen von 
Aasfressern und niedrigen Sauerstoffgehalten am Meeresboden zu einer exzellenten Erhaltung der 
Exemplare und sogar von Weichteilen. 
 Heute liegen die Ichthyosaurierskelette in Gletscher-polierten Oberflächen von turbiditischen 
Siltsteinlagen. Bedingt durch die Topographie des Geländes sind Teilbereiche vollständig freigelegt und 
andere noch eingebettet. Die Knochen sind zwar dreidimensional erhalten, wurden aber durch glaziale 
Aktivität auf die Höhe des umliegenden Sedimentes abgeschliffen.
 Im Rahmen dieser Doktorarbeit wurden fünf Ichthyosaurier-Taxa identifiziert: Myobradypterygius 
hauthali von Huene, 1927, ?Myobradypterygius hauthali, Ophthalmosauridae indet., Platypterygiinae 
indet. Arkhangelsky, 2001 (sensu Fischer et al., 2012) und Thunnosauria indet. 
 Das neue craniale und postcraniale Material erlaubte es, die ursprüngliche Diagnose des 
Myobradypterygius hauthali zu korrigieren und die Art von der Gattung Platypterygius von Huene zu 
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trennen, mit welcher Myobradypterygius 1972 gleichgesetzt wurde. Die große Anzahl der Exemplare 
und deren ontogenetische Verteilung erlaubten es, die ontogenetischen Veränderungen innerhalb 
der Art zu rekonstruieren und dabei fünf Altersklassen zu differenzieren: Erwachsene Exemplare, 
Subadulte, Jugendliche, Neonate und Embryonale. M. hauthali war ein zahnloser ophthalmosaurid 
Ichthyosaurier. Inhalte aus dem Verdauungssystem sowie Gewölle belegen, dass er sich ähnlich wie 
bezahnte Ichthyosaurier von Knochenfischen ernährte. Die bezahnten ophthalmosaurid benutzten hierbei 
ihre Zähne, um Nahrung zu durchbohren, während diejenigen ohne Zähne ihre Beute mit ihren starken 
Kiefern zerdrückten. 
 Fünf  Exemplare wurden als Ophthalmosauridae indet. identifiziert. Von diesen waren bei vier 
Exemplaren craniale und postcraniale Elemente erhalten, von einem dagegen nur eine isolierte und 
vollständig artikulierte Vorderflosse. Basierend auf der ungewöhnlichen Form und Anordnung der 
Hinterflossenelemente wurden diese Exemplare drei bisher nicht bekannten und vermutlich neuen Arten der 
Ophthalmosauridae zugeordnet. Alle drei Formen besitzen Vorder- und Hinterflossen, welche denjenigen 
von Undorosaurus spp. und Cryopterygius kristiansenae aus dem Volgium (Tithonium) Russlands und 
Norwegens ähneln; sie unterscheiden sich von diesen jedoch in der Form des Zeugopodiums und der 
vorderen und hinteren Erweiterung der Flossen. Vermutlich handelt es sich aber um eine gemeinsame 
bislang noch nicht dokumentierte Undorosaurus-artige Klade.
 Die unbestimmten Thunnosaurier aus Tyndall sind durch eine eigenständige Morphologie 
des Dornfortsatzes gekennzeichnet, welcher die Befestigungsoberfläche von epaxialer Muskulatur 
begünstigte; dies führte zu erhöhter Schubkraft beim Schwimmen und damit auch zu einer verbesserten 
Tauchfähigkeit. Dies könnte auf ein unterschiedliches Jagdverhalten hinweisen, welches den 
Wettbewerb mit anderen Ichthyosauriern der Tyndallregion reduzierte. Bei Formen mit fortgeschrittener 
Thoraxentwicklung entspricht die Architektur der Vorderflossen häufig derjenigen von altertümlichen 
Ichthyosauriern der Trias und des Jura, was darauf hin deutet, dass sich die Flossen der Ichthyosaurier 
evolutiv unabhängig von der Körperachse entwickelten. 
 Morphologische Ähnlichkeiten zwischen Ichthyosauriern der Tyndallregion und Arten der 
nördlichen Hemisphäre helfen uns, die paläobiogeographische Verteilung der Ichthyosaurier der Jura- 
bis Kreidezeit zu verstehen und ihre Ausbreitungswege zu rekonstruieren. Bedingt durch seine Lage an 
der Nahtstelle zwischen Südamerika, der Antarktis und der südlichen Spitze Afrikas befindet sich der 
Fundort Tyndall dabei in einer privilegierten geographischen Position, den die dortigen Fossilien tragen 
unmittelbar zum Verständnis des Timings der geotektonischen Fragmentierung Gondwanas in diesem 
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Resumen
Tres campañas de terreno realizadas al lóbulo este del Glaciar Tyndall en el Parque Nacional Torres 
del Paine, Sur de Chile, han permitido el registro de 46 especímenes de ictiosaurios casi completamente 
expuestos y articulados, así como también el registro de fauna fósil asociada, tales como: péces teleósteos 
y ganoídeos, plantas terrestres, belemnites y amonites. La localidad es parte de la Formación Zapata 
(Titoniano a Berriasiano – Albiano), de acuerdo al mapeo geológico, la ausencia de vulcanismo y la 
presencia de amonites, los que indicarían una edad Valanginiana a Hauteriviana (140–130 Myr.) para la 
secuencia.
La numerosa concentración de ictiosaurios en este sector se debe a eventos de corrientes de 
turbidez, los cuales debieron haber repetidamente golpeado a los ictiosaurios que vivían y cazaban peces 
dentro de un cañón submarino. La enorme fuerza del flujo turbidítico transportó a los ictiosaurios hacia 
el fondo a profundidades entre 200 a posiblemente más de 2000 metros. Los ictiosaurios durante este 
transporte perdieron la orientación y la fuerza de la corriente les hizo imposible regresar a la superficie por 
oxígeno. Algunos ictiosaurios murieron durante el transporte y fueron casi instantáneamente cubiertos 
por el sedimento turbidítico, mientras que otros ictiosaurios fueron sepultados estando aún vivos. La 
agonía de estos últimos quedó registrada en las vertebras dorsales y caudales de la columna cervical. 
Porciones aisladas de los esqueletos de ictiosaurios, tales como aletas, porciones de columna vertebral 
o costillas pudieron haberse desarticulado parcialmente del cuerpo en una descomposición previa de 
cadáveres y en un posterior transporte por las corrientes de turbidez, distribuyendo las porciones aisladas 
del cuerpo de forma azarosa a lo largo de cañón. 
La presencia de pirita y calcita entre los huesos de ictiosaurios sugiere una diagénesis temprana. 
Esto, junto con una rápida y casi instantánea depositación, la ausencia de carroñeros y un ambiente bajo 
en oxígeno pudo haber contribuido a la excelente preservación de los especímenes, los cuales incluso 
han preservado tejido blando. La erosión glaciar pulimentó los huesos de los ictiosaurios, dejando 
expuesto sus esqueletos. La topografía del área ha dejado algunos esqueletos más expuestos que otros. 
Los especímenes extraídos demuestran que las porciones no expuestas ‘in situ’ se encuentran contenidas 
dentro del sedimento. 
Los ictiosaurios han sido asignados a cinco diferentes taxa: Myobradypterygius hauthali von 
Huene, 1927, ?Myobradypterygius hauthali, Ophthalmosauridae indet., Platypterygiinae indet. y 
Thunnosauria indet. 
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El nuevo material craneal y postcraneal obtenido de la localidad fósil del Glaciar Tyndall permite 
enmendar la diagnosis original de Myobradypterygius hauthali y desasociarlo del género Platypterygius 
von Huene, al cual Myobradypterygius fue sinonimizado en 1972. La cantidad de especímenes 
asignados a M. hauthali han permitido reconstruir la anatomía del animal completo y establecer cinco 
estadios ontogenéticos: adulto, subadulto, juvenil, neonato y embrión. M. hauthali fue un ictiosaurio 
oftalmosáurido desdentado que compartió el mismo nicho ecológico con oftalmosáuridos dentados. De 
acuerdo al contenido interno y a comida regurgitada, tanto los ictiosaurios dentados como los desdentados 
se alimentaron de peces teleósteos, utilizando probablemente la misma estrategia de caza, pero difiriendo 
en la forma de ingesta: playtpterygiinidos dentados usaban sus dientes para perforar su alimento, mientras 
que los desdentados la aplastaban con sus fuertes mandíbulas. 
Cinco especímenes no muestran expuestos elementos craneales, pero cuatro de ellos preservan 
sus elementos postcraneales expuestos y articulados. Otro de los cinco especímenes corresponde 
a una aleta aislada y articulada. Estos especímenes fueron asignados a Ophthalmosauridae indet. 1, 
Ophthalmosauridae indet. 2 y Ophthalmosauridae indet. 3, debido a una notable diferenciación en la 
forma y organización de los elementos de la aleta posterior, los cuales no permiten agruparlos juntos y 
que posiblemente representen tres nuevas especies de ictiosaurios oftalmosauridos. 
Especímenes asignados a Ophthalmosauridae indet. muestran similitudes en la configuración de 
las aletas anteriores y posteriores con las especies Undorosaurus spp. y Cryopterygius kristiansenae ambos 
del Titoniano de Rusia y Noruega. Sin embargo difieren en la forma de los elementos del zeugopodio y 
en las extensiones anteriores y posteriores de las aletas. Las similitudes con las especies del hemisferio 
norte sugieren una convergencia en la que podrían estar formando un clado aún no documentado cercano 
a Undorosaurus.
Ictiosaurios asignados a Thunnosauria indet. se distinguen por poseer espinas neurales con una 
particular morfología, la cual favorece la superficie de fijación de la musculatura epaxial, lo que debió 
haber contribuido a incrementar la fuerza de propulsión durante el nado y mejorado la capacidad de 
inmersión. La diferenciación entre especímenes con esta anatomía torácica de formas que no la tienen, 
como M. hauthali, pudo haber dictado un comportamiento de caza distinto, reduciendo así la competencia. 
Especímenes con un tórax especializado han mostrado poseer una arquitectura de aleta anterior similar 
a la de ictiosaurios del Triásico medio – temprano a Jurásico superior, lo que sugiere que las aletas de 
ictiosaurios evolucionaron de forma independiente del axis del cuerpo. 
Las similitudes morfológicas encontradas en los ictiosaurios oftalmosáuridos de la localidad 
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xdel Glaciar Tyndall con aquellos del hemisferio norte, ayudan a comprender la distribución de los 
ictiosaurios alrededor del globo, durante el Jurásico al Cretácico y las más probables vías de dispersión 
que debieron haber tomado. Adicionalmente, la localidad fósil del Glaciar Tyndall posee una 
ubicación geográfica privilegiada que contribuye a la comprensión de la fragmentación geotectónica 
de Gondwana. 
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Figure of the chapter cover: The location of the fossil locality adjacent to the Tyndall Glacier in the 
Torres del Paine National Park.
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1. General characteristics of ichthyosaurs
Ichthyosaurs were marine reptiles that inhabited Mezosoic seas between the Early? Triassic and 
the early Late Cretaceous (90 – 250 Myr) worldwide. They possessed a fusiform body, two pairs of 
fin-shaped extremities, a dorsal fin for stabilization and a bilobate caudal fin for thrust generation. As 
reptiles, they needed to emerge to breath atmospheric air. The construction of their locomotor apparatus 
made terrestrial locomotion impossible and thus, laying eggs on land was no option. Ichthyosaurs were 
viviparous (Seeley, 1878; Motani, 2005; Caine and Benton, 2011). According to intestinal contents 
identified in some specimens, ichthyosaurs fed on fishes, belemnites and, occasionally, on bivalves. 
Bones of pterosaurs and turtles as well as fishes were also detected inside some specimens (Keller, 
1976; Massare, 1987; Maisch and Matzke, 2000; Sander, 2000; Lomax, 2010; Fischer et al., 2011a; 
Zammit, 2012; Stinnesbeck et al., 2014), indicating an opportunistic feeding behavior at least in some 
ophthalmosaurids (Kear et al., 2003; Fischer et al., 2011b). A classification of dietary preferences was 
propsed by Massare (1987) and discussed by other authors (Kear, 2005; Motani, 2005; Caine and Benton, 
2011; Fischer et al., 2011b, 2014a, among others) according to their type of dentition. Ichthyosaurs might 
have been able to dive to depths of more than 600 m (Motani et al., 1999) and emerge to the surface in 
intervals of 25 min or longer. Their eyeballs were larger with respect to the orbital part of the skull than 
those of any other vertebrate, indicating a highly sensitive vision in low light environments and great 
depth (Motani et al., 1999; Humphries and Ruxton, 2002). 
1.1 Ichthyosaurs in the world
Reports of ichthyosaurs are majorly from the northern hemisphere, from Triassic, Jurassic and 
Cretaceous localities: Norway, Japan, Canada, China, Switerzland, Germany, USA, England, Scotland, 
France, Belgium, Luxemburg, Russia, Canada, Iraq and Mexico (McGowan and Motani, 2003; Maxwell 
and Caldwell, 2006a, 2006b; Buchy, 2007; Maisch, 2010; Maxwell, 2010; Druckenmiller and Maxwell, 
2010; Buchy et al., 2010; Druckenmiller et al., 2012; Fischer et al., 2012, 2013a, 2013b, 2014a, 2014b; 
Roberts et al., 2014; Brusatte et al., 2015). 
The record of ichthyosaurs in the southern hemisphere is sparse compared with the northern 
hemisphere. It comes majorly from the Late Jurassic and Early to early Late Cretaceous localities in 
Australia, Argentina, Colombia, Madagascar and Chile (Wade, 1984, 1990, Fernández, 1997a, 1997b, 
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1999, 2000, 2007; Páramo, 1999; Kear, 2005; Pardo Pérez, 2012; Stinnesbeck et al., 2014), including an 
isolated ichthyosaur tooth Antarctica (Hikuroa, 2009). 
1.1.1 The Chilean record 
The Chilean ichthyosaurs reports come from the XIX and XX centuries with fragmentary material 
assigned to Ichthyosauria indet. (Burmeister and Giebel, 1861; Philippi, 1895; Biese, 1961; Chong, 1973; 
Gasparini, 1979; Chong and Gasparini, 1976; Jensen, 1976; Chong, 1977; Tavera, 1981; Gasparini, 1985; 
Suárez and Bell, 1992; Suárez and Otero 2010; Pardo Pérez et al., 2015). This material is localized in 
the Late Triassic to early Late Jurassic of the northern of Chile (Antofagasta, Atacama, Coquimbo and 
Metropolitana regions; Pardo Pérez et al., 2015) and includes the earliest record of ichthyosaurs in South 
America (Suárez and Bell, 1992; Pardo Pérez et al., 2015). 
During the last decade, numerous new discoveries in Chile have challenged the information on 
this group of marine reptiles especially their stratigraphic and paleobiogeographic distribution. In the 
year 2003 Shultz, Fildani and Suárez documented the finding of a fosilifierous boulder, which was found 
on the banks of Río de los Hielos in the Torres del Paine National Park, Southern Chile. The authors 
were not completely sure about the stratigraphic provenience of the boulder and tentatively suggested the 
Tobífera o Zapata Formation with an age of Late Jurassic to early Cretaceous (Shultz et al., 2003; Pardo 
Pérez et al., 2015). 
Palaeontological field campaigns to the Tyndall Glacier in the Torres del Paine National Park, 
Southern Chile, conducted in the years 2007 thru 2010 (with the exception of 2008) and financed by 
the German Research Foundation (Deutsche Forschungsgemeinschaft, DFG), yielded numerous 
specimens of ichthyosaurs. To date we recorded 46 ichthyosaurs, most of which being virtually complete 
and articulated. The assemblage includes adults, subadults, juveniles, neonates and pregnant females. 
Associate faunal elements include ganoid and teleost fishes, bivalves, belemnites, ammonites, plants and 
tree trunks. 
It was long thought that the decline of ichthyosaur diversity started by the end of the Jurassic and 
that the cosmopolitan Platypterygius was the only genus to survive into the Cretaceous (Motani, 1999a; 
Maisch and Matzke, 2000; McGowan and Motani, 2003). Nevertheless, numerous new findings during 
the past decade (Maiaspondylus lindoei Maxwell and Caldwell, 2006b; Athabascasaurus bituminous 
Druckenmiller and Maxwell, 2010; Sveltonectes insolitus Fischer et al., 2011b; Acamptonectes densus 
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Fischer et al., 2012; Leninia stellans Fischer et al., 2013a; Malawanina anachronus Fischer et al., 2013b) 
have demonstrated that ichthyosaurs regained high diversity after the Jurassic – Cretaceous boundary 
decline (Fischer et al., 2012, 2014a). 
The Tyndall fossil locality is palegeographically positioned between the Tethyss and the Pacific, 
which is of great significance for helping to understand the dispersal routes of these reptiles during the 
early Cretaceous and helping to decipher the time of the geotectonic fragmentation of Gondwana.
1.2 Objectives and scope of this thesis 
According to the discoveries from the Tyndall fossil locality, the objectives of this thesis are: 
(1) to describe the anatomy of each specimen aligned with biometric data, to determine ontogenetic 
stages and compare the specimens with coeval ichthyosaurs worldwide. (2) To analyze the taphonomic 
processes that led to the excellent preservation of such an unusual number of specimens in the area in the 
context of lithology and arrangment of skeletons. (3) To reconstruct the life style and habitat conditions 
of the Tyndall ichthyosaur assemblage. (4) To reconstruct the possible dispersal routes of ichthyosaurs 
during the Early Cretaceous when Gondwana was flooded and fragmented.  
1.3 Study Area
The study area is located in the Torres del Paine National Park, Ultima Esperanza Province of Southern 
Chile, on the eastern margin of the Tyndall Glacier (51°8’20”S, 72°16’50”W), a lobe of the Southern 
Patagonian ice shield. The sedimentary rocks of the Tyndall area were exposed during the last two decades 
by the constant retreat of the glacier (Raymond et al., 2005; Fernández Torres, 2012; Stinnesbeck et al., 
2014) (fig. 1). The area where ichthyosaurs were found covers about 10 km2. However, it was impossible 
to explore the entire area because of limited time and difficult access (cliffs, rivers, waterfalls). 
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Figure 1. Study area at the Tyndall G
lacier, Torres del Paine N
ational Park, southern C
hile. The locality is indicated in the left im
age w
ith a 
black asterisk. T
he right im
age show
s the fi
nding locations of the 46-ichthyosaur specim
ens (m
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ed from
 S
tinnesbeck et al., 2014).
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1.4 Geological setting of study area
The study area at the Tyndall glacier sector has been tentatively assigned to the Zapata Formation, 
which ranges from the Late Jurassic (Tithonian) to Early Cretaceous (Berriasian to Albian). The unit 
forms part of the Rocas Verdes back-arc basin (fig. 2), which reflects the early extensional phase of 
proto-Andean evolution and developed as a consequence of the initial breakup of southern Gondwana 
and formation of the South Atlantic Ocean basin (Stinnesbeck et al., 2014). 
The Zapata Formation is dominated by grey to black mudstones with disseminated pyrite and 
rhythmically interbedded thin sandstone beds. The sequence represents hemipelagic depositional 
environments low in oxygen, with water depths of at least 2500 m. (Fildani and Hessler, 2005; Stinnesbeck 
et al., 2014). The fossil rich unit with ichthyosaurs in the Tyndall area is at least 80 m thick and forms 
a narrow unit of the >1000 m thick Rocas Verdes sediment sequence (fig. 3) (Stinnesbeck et al., 2014).
Assignation of the ichthyosaur-bearing unit to the Zapata Formation is based on geological 
mapping of the area, the absence of volcanism except for occasional thin layers of andesitic tuff, and 
the presence of ammonites indicative of Valanginian and Hauterivian age (140–130 Myr.), among 
them Lissonia roveroi, Favrella americana, Pseudofavrella cf. robusta, Pseudofavrella cf. garatei, 
Crioceratites andinum, Crioceratites diamantensis, and Aegocrioceras sp. (Stinnesbeck et al., 2014).
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Figure 2. Geological map of the Magallanes Basin. Región de Magallanes y Antártica Chilena, 
southern Chile (from Stinnesbeck et al., 2014).
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Figure 3. Section of the ichthyosaur sediment unit at Tyndall ice field. The precise stratigraphic position 
of the unit within the Lower Cretaceous Zapata Formation is not known. Note that 12 bedding planes 
were identified with articulated ichthyosaurs, excluding the possibility of a single catastrophic event 
deposit. On the contrary, seven layers were detected containing at least two skeletons each at meters of 
distance to each other, and individual layers with three and even four clustered skeletons. These are here 
interpreted as tanatocoenoses (from Stinnesbeck et al., 2014).
1.5 Depositional environment
The Tyndall depositional environment is characterized by an association of siliceous claystone, 
siltstone, sandstone, pyroclasts, lenticular breccia and chaotically bedded and injected-sediment facies. 
The fine-grained siliceous clay and siltstone facies, including deposition from muddy and turbulent 
currents, represents the precedent deep marine environment. Stressed sea-floor environments are 
indicated by the near-absence of bioturbation and benthic macrofauna (Stinnesbeck et al., 2014). The 
well-preserved remains of leaves and wood detritus suggest a nearby coastline and transport of sediment 
into the deep basin via slope channel processes. 
The absence of characteristic faunal elements does no allow for a detailed estimate of the 
paleobathymetrical setting, but bathyal to abyssal depths of several hundreds to > 2000 have been 
proposed for the Zapata Formation by Fildani and Hessler (2005). Deep bathyal conditions of the deposit 
are suggested by Stinnesbeck et al., (2014), according to the sedimentological characteristics of the 
deposit, the absence of calcareous microfossils, the superficial dissolution of calcitic belemnite rostra and 
the complete dissolution of aragonitic shells. 
The fossil assemblage in the Tyndall locality at the Zapata Formation is composed of belemnites 
identified as Belemnopsis (Belemnopsis) cf. launceloti Howlett 1989 and Belemnopsis (Belemnopsis) cf. 
alexandri Willey 1973), which have been interpreted to indicate Valanginian to Hauterivian age on the 
western Antarctic Peninsula (Howlett, 1989). These belemnites are rare in mudstone facies but common 
to abundant in turbiditic sandstone (Stinnesbeck et al., 2014) (fig. 4 A, B). 
Neocomiceramus curacoensis (Weaver, 1931) and “Inoceramus” sp. cf. I. anomiaeformis 
Feruglio, 1936-1938, are associated with the deep-marine background deposition of dark-colored 
siliceous mudstone. Neocomiceramus curacoensis has been described from Neuquén Basin of Argentina 
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and was attributed to the Valanginian to Albian (Lazo, 2006). “Inoceramus” anomiaeformis was 
described from the Hauterivian of the Santa Cruz Province of the Austral Basin (Lazo, 2006). According 
to Lazo (2006) Neocomiceramus curacoensis periodically flourished on low energy muddy offshore 
substrates under restricted oxygen levels, which is similar to the depositional conditions in the Tyndall 
locality (Stinnesbeck et al., 2014) (fig. 4 C).
The ammonite assemblage includes Lissonia riveroi, Favrella americana, Pseudofavrella 
angulatiformis, Pseudofavrella cf. robusta, Pseudofavrella cf. garatei, Crioceratites andinum, 
Crioceratites diamantensis and Aegocrioceras sp., among other taxa (Stinnesbeck et al., 2014). Similar 
sssociations have previously been reported from the Valanginian to Hauterivian Austral and neighboring 
basins of Chile and Argentina as well as from the Antarctic Peninsula (Stinnesbeck et al., 2014). The 
ammonite association is present throughout the section in gray sandstone interpreted as turbiditic, and in 
dark-gray mudstone units indicative of basinal depositional conditions (Stinnesbeck et al., 2014) (fig. 4 
D, E, F).
Complete and fragmentary teleost and ganoid fish remains have been referred to Semionotiformes 
and Pycnodontiformes (Stinnesbeck et al., 2014). The fragments are preserved in turbiditic siltstones and 
sandstone beds, but are also common as coprolites and regurgitate containing concentrations of fish 
bones (fig. 4 G).
Fragments of woods and leaves of ferns and cycads as well as small twigs with buds have been 
found in the turbiditic sandstone. The largest trunk documented by us is 5.40 m long and ~0.20 m in 
diameter. The plant material likely derives from rivers as result of off-land storms and/or seasonal leaf 
fall. Some wood material may have drifted long enough to be colonized by epizoan bivalves (ostreids, 
inoceramids and pectinids), reaching a maximum size of ~5 mm. The abundance and good preservation 
of plants remains suggests a well-vegetated and possibly forested coast (Stinnesbeck et al., 2014) (fig. 4 
H, I, J). 
According to the sedimentological characteristics of the Zapata Formation, the Tyndall ichthyosaur 
sediments were deposited in a deep-water slope environment and likely in an active submarine canyon 
(Stinnesbeck et al., 2014). Submarine canyons are known for increased oxygen and food resources, and 
therefore localities of increased diversity in organisms both on the sea floor and in the water column 
(Kane et al., 2007; Hubbard et al., 2012; Stinnesbeck et al., 2014). They are also conduits for major 
deep-sea sediment transfer events (Piper and Normark, 2009). Stinnesbeck et al., (2014) postulate that 
turbiditic flows have initiated at the shelf edge or on the upper slope within a submarine canyon. Failures 
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along the flanks of this canyon must repeatedly have surprised hunting ichthyosaur packs. The finding of 
groups of ichthyosaurs in different stratigraphic levels, at least seven, in a deposition deeph of more than 
1000 meters justifies such a scenario (Stinnesbeck, et al., 2014). Fragmacones fragmented in situ support 
the idea that living belemnites were taken into the abyss by high-energy mudflows.
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Figure 4. Faunal assamblage of the Tyndall fossil locality associated with the ichthyosaurs. A–B, 
Longitudinal sections of belemnite rostra. B, the rostrum broken into three pieces, but with fragments still 
in contact. Stinnesbeck et al., (2014) assume that these were broken inside the intact soft tissue covering; 
pencil for scale is 0.14 m long. C, internal moulds of inoceramids (Neocomiceramus curacoensis). 
Visible length of pencil for scale is 0.10 m. D–F, ammonites from the fossil area. D, Pencil for scale 0.14 
m long. E, Visible length of pencil for scale 0.12 m. F, Scale 0.40 m. G, Semionotiformid fish. Visible 
length scale of pencil for scale 0.12 m. H–I, trunk of fossil wood. I, scale = 3.30 m. J, plant incrustated 
with small bivalves. 
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Figure of the chapter cover: The extraction process of ichthyosaurs in the Tyndall fossil locality. 
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2. On the complexity of research in a remote zone
Field campaigns in the Torres del Paine National Park, Magallanes Region, Southern Chile were 
conducted during the Chilean summer, because of the weather extremes in the research area including low 
temperatures and high precipitation outside the period from December to March. The campaigns were 
conducted in February 2007, January to March of 2009, and January to February of 2010. The campsite 
was then mounted in the Doña Rosa Canyon at the eastern border of the Tyndall Glacier. The objective of 
the first expedition, in in the year 2007, was to evaluate the fossil locality and the access to it as well as 
the quality of fossils and exposure. During this first period of prospection 24 ichthyosaurs were located, 
which were previously reported by Pardo Pérez (2006). Expeditions of the years 2009 and 2010 increased 
the number of individuals to 46. These latter campaigns were also dedicated to the excavation of the most 
complete ichthyosaur specimens and they were used to reconstruct the depositional environment based 
on other fossils and geological structures in the research area. 
The access to the camp and research site at the Tyndall requires an enormous logistic effort to 
transport people, food, and equipment (fig 5 A, B). The three options to access the locality are (1) a 10-
hour hike, (2) 5 hours on horseback through extreme terrain or (3) a 30-minute helicopter dash from the 
park administration (fig. 5 C). Vehicles were left at the Grey ranger station (Guardería Grey). 12 horses 
were needed to arm the camp for two months. At the campsite, sleeping tents, a kitchen and a common 
tent were installed including a toilet tent (fig. 5 D). Even during the summer months, weather conditions 
at the camp site were tough, frequently with heavy winds exceeding 120 km/hr, blizzards and intense 
rain falls. Often, it was not possible to access at the excavation site and work there safely, because the 
specimens were located in sites with abrupt ravines and cliffs of 20 to 50 meters. Intense rains also 
interfered with our work at the excavation sites especially rock cutter. The fine grinding dust and the 
rain generated a gluey mixture that milled down the engine bearings. Local rivers created by the melting 
Tyndall Glacier rose rapidly during sunshine because of the daily melting of the glacier or rainfalls. 
Often, it was therefore necessary to return to the camp site early, to avoid the risk of getting stuck in the 
mountain. The daily hike from the campsite to the work area and back was about 10 km in a heavy terrain 
(fig. 5 E). During rainy days, this hike was extremely dangerous due to the steep rock planes and slippery 
surfaces polished by the glacier. Because the camp had to be install at the foot of a radiolarite platform 
we had to conquer a 20-meter cliff each day secured by a rope, sometimes combine with a chest harness. 
The Tyndall campsite area was in a biosphere reserve and highly protected for the abundance of 
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the last major population of the south Andean deer, the Huemul (Hippocamelus bissulcus). Wild life is 
abundant and during night-time, the camp site was repeatedly visited by puma (Puma concolor), which 
also stole meat provisions. 
A generator running on fuel generated electricity. Two gas stoves were used to cook for 10 to 12 
people. The toilette was kept aseptic by the use of lime (CaO), which was thrown on the defecations. To 
keep up a good camp spirit, work days were concluded by a warm dinner and good Chilean wines (fig. 
5 F). Local cowboys (gauchos) provided us with fresh vegetables and carried garbage to the Grey ranger 
station, which was later transported to the dumpsite in Punta Arenas. 
Our paleontological expedition was documented in 2010 by two Chilean television programs 
(TVN and Mega) and a German TV channel (ZDF). During this expedition, the former Prince Willem 
Alexander of the Netherlands (now king) and his wife, the former Princess Maxima (now queen) visited 
us in the field and we gave them a tour to the paleontological site.  
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Figure 5. Life in the expedition camp at Tyndall. A–B, The charge, provisions and equipment for two 
months. C, Transport of equipment and provisions to the campsite. D, A view of the camp. E, Research 
area adjacent to the Tyndall Glacier (at the bottom). F, Dinnertime in the dining tent. G-H, The 
research team in the 2009 (G) and 2010 expeditions (H). 
2.1 Data collection and excavation
Ichthyosaurs remains are exposed in polished sections produced by glacier abrasion but the bones 
are majorly preserved in three dimensions. During expeditions in 2009 and 2010, 46 virtually complete 
ichthyosaurs specimens were recorded. These specimens range in length from ~0.5 to about 5 m (figure 
6; table 1).
Due to the extremely hard rock (radiolarite) and the complicated excavation, most data had to 
be taken in the field. The data collection comprised GPS measurements using a Garmin eTrex Venture 
HC, photographs of each specimen, especially of the diagnostic portions with a Canon Powershot A590 
and Nikon D40 camera, biometric measurements using a caliper or a meter and recording the direction 
of skull and abdomen with the compass. Measurements were taken from well-exposed sections of the 
bones; nevertheless the number of completely exposed bones in each individual was not enough to be 
used for a quantitative comparative statistical analysis. The length, height and width of each bone were 
measured according to McGowan and Motani (2003) (fig. 7 A; fig 9).
The most complete specimens were drawn 1:1 on acetate transparent foil (fig. 7 B). Plaster and 
clay molds were taken from limbs of diagnostic specimens. These molds are deposited in the National 
Museum of Natural History of Chile as plastotypes (MNHNCL/SGO.PV.21501 and MNHNCL/SGO.
PV.21502) Even though, it was impossible to take casts of complete skeletons because exposed skeletal 
surfaces are ground to the level of the sediment. 
For extraction, a high-performance diamond disc (blades of 25.4 mm in diameter) was used, 
mounted on a fuel-driven rock cutter (Wacker BTS 1035L3 Waterki). For extraction a 100 mm deep 
rectangular trench was cut around the specimen into the sediment (fig. 7 C, D). Where pyrite crusts on 
the underside of the slabs were weathered, removal was easy along the separation line from below the 
specimen. However, for the most part, specimens did not separate at all. In these cases we complemented 
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the extraction by cutting out a wedge along the rectangular trench away from the specimen. With a 
pneumatic hammer drill (Bosch GBH 5-40 DE) armed with a 400 or an 800 mm long videa stone drill 
respectively near horizontal lines of holes were drilled into the sediment below the slab. The bridges 
between drills holes were broken with a pick hammer, chisels and iron pike (fig. 7 E, F). Excavation of 
specimens CPAP0002 (a complete skeleton of a neonate) and CPAP0004 (a portion of vertebral column) 
were easier because advantage was taken of natural fractures of the rock. Collection of specimens CPAP-
2011-0019 (an isolated forefin), CPAP0003 (an isolated forefin) and CPAP0001 (a complete skeleton of a 
juvenile) were the easiest to extract (fig. 8 A–E). In the case of CPAP0001 the extraction lasted for three 
weeks. After extraction the specimens were packed and secured with polyurethane foam in the field and 
transported to Punta Arenas (450 km approx. to the South), first in a backpack to the field camp, then on 
horseback to the ranger station at Lake Grey, and then by car to Punta Arenas (fig 7 G, H.).
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Figure 6. Distribution and orientation of the 46 articulated ichthyosaurs in the Tyndall locality. Note that 
the ichthyosaurs were discovered in areas that were covered by ice of the Tyndall Glacier until a decade 
ago, when the satellite photo was taken. Arrows on the left figure are pointing toward the skull. Note that 
there is no apparent preferential orientation of the skeletons in the field.
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Figure 7. Record, excavation and packing processes. A, Measurements and photograph of the forefin 
(CPAP-2011-0019), prior to its excavation. B, Drawing of a specimen on acetate foil 1:1. C–D, cutting 
the rock around the fossil with the saw (specimen CPAP0001). E, hammer drill was used in specimens 
for which it resulted to be more complicated to introduce the saw in the fossil-bearing bedding plane 
(CPAP-2011-0019). F, chisel and hammer used for extraction of the complete specimen CPAP0001. G, 
blocks of rock containing fossils were protected with cardboard and plastic. Small fragmented pieces 
were glued immediately on site to prevent loss. Excavated blocks were transported in backpack to the 
campsite. H, in the camp fossils were packed with polyurethane foam and secured for horseback transport 
to the vehicle.
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Figure 8. Specimens of ichthyosaurs excavated at Tyndall and their respective interpretative line 
drawings. A, CPAP0001: A juvenile referred to Myobradyopterygius hauthali. B, CPAP0002: neonate 
identified as M. hauthali. C, CPAP0004: Ichthyosauria indet. portion of articulated vertebral column 
with articulated ribs (pencil for scale 140 mm long). D, CPAP-2011-0019: isolated and complete forefin 
identified as M. hauthali. F, CPAP0003: Ophthalmosauridae indet. An isolated and complete hind fin 
(scale 50 mm).
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Figure 9. Scheme showing the orientations used for description of individual portions of the skeleton, 
following McGowan and Motani (2003).
2.2 Work in Germany 
After arrival of the fossil material in Germany, the blocks containing bones were glued using 
Starbond superglue in different viscosities: highly viscose for small pieces and medium viscose for large 
ones. 
Because not all blocks containing specimen CPAP0002 have the same height on the underside 
(fig. 10 A, B), the blocks were leveled with a rock cutter (Clipper) to allow for a mount for exhibition. 
Mechanical preparation with air abrasive and hand tools was initiated in the laboratory of Heidelberg 
University, Germany, but resulted to be impossible due to the exceedingly hard radiolarite sediment and 
relatively soft bone. Neutron radiography and tomographic methods were performed in the Paul Scherrer 
Institute at Villigen, Switzerland in order to visualize non-exposed portions of bones, without damage to 
the material (fig. 10 C, D). A test was made for two blocks of CPAP0001: a portion of skull and a pectoral 
portion of the skeleton. A sample of the vertebral column of CPAP0002 was also tested. The resulting 
images are blurry but reveal portions of embedded neural spines. Specimen CPAP0002 did not reveal 
additional bone material other than the exposed. This difference in the visualization may depend on the 
sediment type. CPAP0001 is embedded in sandstone with coarser grains than the sandstone matrix of 
CPAP0002.
Because of its incompleteness, bad preservation and minor taxonomic value, specimen CPAP0004 
was used for tests for chemical preparation and thin-sections. Acetic acid (AcOH) at 37% and hydrofluoric 
acid (HF) at 40 % were tested in CPAP0004. Both acids reacted but only in small areas of the slab. This 
indicates that acid can only be used for effective preparation at high concentrations and the matrix is 
rich in lime. According to acid tests a preparation using hydrofluoric acid may work for the Tyndall 
ichthyosaurs, however, this technique was not used for the preparation because of its aggressiveness. 
The few excavated material available is of diagnostic importance and therefore a risk of damage was no 
option (fig. 10 E, F).
The extraction of the majority of ichthyosaurs resulted to be impossible due to the extremely 
hard siliceous bed rock (radiolarite). In consequence most anatomical descriptions and the taxonomical 
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classification of Tyndall ichthyosaurs was based on data and photographs compiled in the field. The 
systematic identification is based on anatomical descriptions by Andrews (1910); Kirton, (1983); 
McGowan and Motani (2003); Maisch and Matzke, (2000) and Maisch, (2010), as well as the complete 
and actualized literature of Middle Jurassic to Late Cretaceous ichthyosaurs (e.g. McGowan, 1972, 1974, 
1976, 1978, 1979, 1989b; Fermández, 1997a, 199b, 1999, 2001; Efimov, 1997, 1998, 1999a, 1999b; 
Páramo, 1997; Arkhangelsky, 1998, 1999; 2008; Motani, 1999a, 1999b; Sander, 2000; Bardet and 
Fernández, 2000; Maxwell and Caldwell, 2003, 2006; Kear, 2005; Fernández and Aguirre-Urreta, 2005; 
Buchy, 2007, 2010; Kolb and Sander, 2009; Buchy et al., 2009; Maxwell, 2010; Druckenmiller and 
Maxwell, 2010; Maxwell and Kear, 2010; Maxwell and Druckenmiller, 2010; Zammit, 2010; Zammit 
et al., 2010; Zammit and Kear, 2011; Fischer et al, 2011a, 2011b; 2011c; 2012a, 2012b, 2013a, 2013b, 
2014a, 2014b; Fernández and Maxwell, 2012; Druckenmiller et al., 2012; Maxwell et al., 2012a, 2012b, 
2013; Kear and Zammit, 2013; Fischer et al., 2013a, 2013b; Arkhangelsky and Zverkov, 2014; Roberts et 
al., 2014; Frey and Stinnesbeck, 2014, Zverkov et al., 2015, among other authors).
Collections of the following museums were visited in order to compare the morphology of 
Middle Jurassic to Early Cretaceous ichthyosaurs: Staatliches Naturhistorisches Museum Braunschweig 
(SNMB); Senckenberg Museum Frankfurt (SMF); Staatliches Museum für Naturkunde Karlsruhe 
(SMNK); Staatliches Museum für Naturkunde Stuttgart (SMNS); Urwelt-Museum Hauff, Holzmaden 
UMHH; Paläontologisches Museum München PMM; Goldfuß-Museum, Bonn (GMB); Museum für 
Naturkunde, Berlin (MNB); Natural History Museum, London (NHML; Bournemouth Natural Science 
Society (BNSS); Lyme Regis Philpot Museum (LRPM), the Facultad de Ciencias Naturales y Museo de 
La Plata, Argentina (UNLP) as well as private collections in Charmouth and Lyme Regis (Chris Moore, 
Richard Edmonds, Tony Gill), in England). 
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Figure 10. Preparation and analysis in Germany of the excavated specimens. A, The sediment blocks 
containing specimen CPAP0002 are of different thicknesses and were cut to the same level. B, Leveling 
the underside of the slab. C, Analysis of a neutron tomography of a fossil block at the Paul Scherrer 
Institute (PSI), in Switzerland. D, Facilities for radiography of specimen CPAP-2011-0019 at the PSI. 
E–F, Test with acetic acid. Due to the high contents of pyrite, the rock disintegrated generating yellow 
foam.
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TY
15
M
. hauthali 
Exposed length: 3 
m
; estim
ated total 
length: 4 m
Left lateral 
A
dult 
A
rticulated skeleton 
T1
Vertebral colum
n: 11 centra from
 the presacral section partially em
bedded and the outline of 
21 centra covered by sedim
ent (last dorsals and caudal [prefl
exural] vertebrae), exposed in left 
lateral view
. 13 articulated vertebrae from
 the caudal section (postfl
exural). T
horax: 14 ribs 
from
 the right and left section articulated in the exposed vertebrae. F
orefin: the autopodium
 of 
tw
o partially em
bedded forefi
ns.
TY
24
?M
. hauthali
Exposed length: 
0.68 m
; estim
ated 
total length: 1 m
R
ight lateral 
Juvenile
C
ranial elem
ents 
disarticulated. Postcranial 
elem
ents articulated
T1
Skull: m
andible elem
ents, a right pterygoid in lateral view
, right and left ?vom
er, jugal, right 
and left quadrate, a stapes. Vertebral colum
n: atlas-axis com
plex, 15 presacrals articulated 
(right laterally exposed). T
horax: 11 articulated and partially exposed ribs from
 the left side, 
?7 ribs from
 the right side. 9 partially exposed gastralia from
 the left side. Pectoral girdle: a 
portion of clavicle and interclavicle. F
orefin: left articulated forefi
n w
ith zeugopodium
 and 
autopodium
. R
ight forefi
n w
ith disarticulated zeugo- and autopodium
.
TY
16
Platypterygiinae 
indet.
Exposed length: 
0.59 m
; estim
ated 
total length: m
ax. 
1 m
Ventral
?N
eonate
Partially articulated 
skeleton, m
ostly covered by 
sedim
ent
T1-T2?
Skull: right prem
axilla, nasal, m
axilla and jugal. M
andible: com
plete right and left m
andibular 
ram
i. 18 articulated teeth. Vertebral colum
n: 18 centra in ventral view.
TY
05
O
phthalm
osauridae 
indet.
Exposed length: 2 
m
; estim
ated total 
length: 5 m
R
ight lateral
A
dult
A
rticulated skeleton
T2
Vertebral colum
n: 60 caudal (29 prefl
exural and 31 postfl
exural) in left lateral view
. N
eural 
arches and spines partially em
bedded articulating w
ith the respective centra. T
horax: 21 ribs 
partially em
bedded in the m
atrix. Pelvic girdle: right and left ilium
 and ischiopubis partially 
em
bedded in the m
atrix. Left ilium
 and ischiopubis articulated. H
ind fins: right hind fi
n 
articulated w
ith tibia, fi
bula, astragalus, distal carpals, m
etacarpals, and phalanges. L
eft fem
ur 
in posterior view.
TY
17
O
phthalm
osauridae 
indet.
Exposed length: 2 
m
; estim
ated total 
length: 4 m
Left lateral 
A
dult
A
rticulated skeleton
T1
Vertebral colum
n: 54 articulated centra (27 presacral and 27 prefl
exural) exposed in 
left lateral view, neural arches and spines articulating w
ith respective centra. T
horax: 23 
articulated ribs from
 the left side of the skeleton. A
bout 17 gastralia from
 the right side and 11 
from
 the left side of the abdom
en. Pelvic girdle: an isolated ilium
. H
ind fins: right and left 
hind fi
n articulated each preserving tibia, fi
bula, astragalus, distal carpals, m
etacarpals, and 
phalanges.
TY
25
O
phthalm
osauridae 
indet.
Exposed length: 1.9 
m
; estim
ated total 
length: 3 m
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bout 47 articulated ribs in longitudinal section and 10 in cross-section, 9 gastralia 
partially em
bedded and disarticulated.
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2.3 Institutional abbreviations 
MACN: Museo Argentino de Ciencias Naturales “Bernardinoo Rivadavia” (Buenos Aires, Argentina); 
MLP: Museo de La Plata (La Plata, Argentina); MNHNCL/SGO.PV: Museo Nacional de Historia Natural 
de Chile/Santiago. Paleontología de Vertebrados; INACH: Instituto Antártico Chileno (Punta Arenas, 
Chile); CPAP: Colecciones Paleontológicas de Antártica y Patagonia; TY: acronym used for specimens 
of the “Tyndall” locality.
2.4 Figures abbreviations 
A
aac: atlas-axis complex
acet: acetabulum
an: angular
anc: anterior notch of the coracoids
al.e: anterolateral exposition
ar: articular
as: astragalus
asc: apical section
atn: anterior notch
az: anterior zygapophysis
B
bo: basioccipital
bof: basioccipital facet
bf: basisphenoid
C
ca: condylar area
cab: cancellous bone
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cal: calcaneum 
cap: capitulum
cav: concave area
cexa: concavity of extracondylar area
cf: coracoid facet
chn: chevrons
chnf: chevron facets
cl: clavicle
co: coracoid
cob: cortical bone 
cqp: cranioquadrate passage
cs: caudal section
csa: central sclerotic aperture
cv: caudal vertebrae
D
d: dentary
dc2: distal carpal two
dc3: distal carpal three
dc4: distal carpal four
dfr: distal facet for articulation with radius
dfz: distal facet for zeugopodial element
dgb: distal groove of basisphenoid
do: dorsal
dp: diapophysis
dpc: deltopectoral crest
dfu: distal facet for articulation with ulna
dv: dorsal vertebrae
E
emb: embryo
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ep: embedded portion
ex: extrazeugopodial element.
exa: extracondylar area
exn: external naris
exo: exoccipital
exof: exoccipital facet
F
fc/icc: facet for coracoid or intercoracoidal cartilage
fch: facet for chevrons
Fe: femur
Fel: left femur
Fer: right femur
ff: forefin
Fi: fibula
fib: fibial
fip: facet for union with the ischio-pubis
fm: bilobed concavity for the foramen magnum
Fm: foramen magnum
fna: facet for neural arch
fil: facet for ilium
fnc: floor of neural canal 
fsa: fossa surangularis
fscap: facet for anterior border of scapula
ft: frontal
G
g: gastralia
glc: glenoid contribution
gr: groove
                                                                                                                         Chapter 2. Methodology    
58
H
hf: hind fin
Hu: humerus
Hul: left humerus
Hur: right humerus
hy: hyoid
I
ib: internal border
icf: intercoracoid facet
il: ilium
lmr: left mandibular ramus
In: intermedium
inf: internasal foramen
isp: ischiopubis
itc: interclavicle
J
ju: jugal
L
l: left
lac: lachrymal
l.e: lateral exposition
lf: left femur
lff: left forefin
lhf: left hindfin
M
m: mandible
m.ame: musculus adductor mandibulae externus
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m.d.m: musculus depressor mandibulae
mp: mandible portions
mcii: metacarpal two
mciii: metacarpal three
mciv: metacarpal four
mcv: metacarpal five
mf: missing fragment
mx: maxilla
N
n: nasal
na: neural arch
nas: neural arches and spines
naf: neural arches facets
nc: neural canal
no: notch
ns: neural spine
O
oco: ocular orbit 
op: opisthotic
opf: opisthotic facet
otp: outer process
P
pa: palatine
pfs: preflexural section
pfv: preflexural vertebrae
pg: posterior section grooved
pge: pectoral girdle elements
ph: phalanx/ges
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pif: pineal foramen
pm: premaxilla
pl.e: posterolateral exposition
plp: posterolateral process of the parietal
po: postorbital
posf: postfrontal
pofs: postflexural section
pofv: postflexural vertebrae
Po1: first postaxial accessory digit
Po2: second postaxial accessory digit
pp: parapophysis
ppe: paroccipital process extension
ppf: paraoccipital process facet
Pr: preaxial accessory digit
prf: prefrontal
pro: prootic
ps: parasphenoid
psp: postcranial portion
pss: presacral section
psv: presacral vertebrae
pt: parietal
ptf: parietal foramen
pty: pterygoid
pz: posterior zygapophysis
Q
qf: quadrate facet
qj: quadratojugal
qu: quadrate
R
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r: right
rb: rib
Ra: radius
ra: radiale
rf: right femur
rff: right forefin
rg: ribs grooves
rhf: right hindfin
rmr: right mandibular ramus
rp: rostrum portions
rt: rostrum
S
sa: surangular
scp: scapula
scpf: scapular facet
se: skull elements
sf: stapedial facet
sfp: supraoccipital facet for parietal articulation
sgr: slightly grooved ribs
sicr: section for interclavicle reception
so: supraoccipital
sop: surface for union with opposite pterygoid
sp: splenial
spt: sclerotic plates
sq: squamosal
sr: sclerotic ring
srd: skull roof depression
srf: single rib facet
srp: skull roof portion
st: stapes
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stf: stapedial facet
stg: stapes groove
stp: supratemporal
stpf: supratemporal fenestra
T
teh: teeth
Ti: tibia
tib: tibial
toh: tooth
tub: tuberculum
tb: tail bend
tbg: transverse bar groove
U
Ul: ulna
ul: ulnare
V
vc: vertebral column
vcp: vertebral column portion
ve: ventral
vo: vomer
 II: digit two
 III: digit three
 IV: digit four
CaCo3: Calcium carbonate
FeS2: Pyrite
Zn: Zinc
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Figure of the chapter cover: Ichthyosaur dragged by turbidity current in the Tyndall area (figure 
modified from John Meszaros, 2014).
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3. Turbidity currents as killer agents of ichthyosaurs from the Tyndall locality
Turbidity currents are turbulent mass suspension flows that commonly possess high velocities of 
tens of meters per second, and thus are capable of significant sea-floor erosion (Stinnesbeck et al., 2014). 
Diving depths of ichthyosaurs may have exceeded 500 m (Motani et al., 1999; Motani, 2005; 
Reisdorf et al., 2012; Stinnesbeck et al., 2014). However, being lung-breathing reptiles, they needed to 
have to swim to the water surface for respiration. 
According to the lithologies documented at Tyndall (Stinnesbeck et al., 2014) and the depositional 
settings described above, turbidity flows initiated at the shelf edge or on the upper slope and developed 
within a submarine canyon. Broken rostra of some belemnites (Stinnesbeck et al., 2014, and figure 4 A, 
B) evidence the extreme force of these flows. 
These turbidity flows must repeatedly have caught ichthyosaurs hunting inside this canyon. The 
density of sediments along with the force of these flows caused the loss of optical orientation of these 
ichthyosaurs. The energy of the currents dragged them along into deeper water. Being unable to swim 
against the down-flow transport, depth increased and the oxygen balance of these ichthyosaurs must have 
become so low that they were unable to return to the surface for respiration (fig. 11). Their carcasses were 
transported downslope with the coarse fraction of the turbidite head and they were instantly buried by the 
fine-grained tail sediments settling shortly after (Stinnesbeck et al., 2014).
The deposition occurred in bathyal fans where turbulent flows expanded and collapsed at a 
break in slope, or at the foot of the slope (Shultz and Hubbard, 2005; Stinnesbeck et al., 2014). High 
hydrostatic pressure, combined with inferred low seawater temperatures in the deep basin together with 
the sediment cover, prevented a refloating of the carcasses. Carcasses of extant vertebrates do not rise 
anymore from water depths below 100 m (Reisdorf et al., 2012, Stinnesbeck et al., 2014). Water depths 
of many hundreds to >2000 thousands of meters, as suggested for the Zapata Formation (Fildani and 
Hessler, 2005), exceeded the pressures that would have allowed to the carcass to rise by at least a factor 
of ten (Reisdorf et al., 2012).
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Figure 11. Scheme representing the depositional situation along a shelf margin. Ichthyosaurs living 
in the Tyndall area of the Rocas Verdes Basin hunted in a canyon with repeated turbidity flows. These 
currents dragged the ichthyosaurs into the deep sea, depositing them in different levels and covering them 
immediately with the mud of the flows, which added to their excellent preservation (drawing courtesy of 
W. Stinnesbeck).
3.1 Compaction and diagenesis 
Ichthyosaur skeletons from the Tyndall locality are preserved in fine-grained sandstone layers 
of turbiditic origin, with bed thicknesses between a few tens of millimeters to 0.2 m (Stinnesbeck et al., 
2014). The skeletons are now compacted; some specimens are affected by compaction more than others 
(fig. 12 A, B). Some specimens show micro-fracturing or plastic deformation (fig. 12 C–E). 
Compaction is a gradual process that affects fossil remains from the moment of burial (Martill, 
1985). Large bones of marine reptiles are frequently highly porous with thin bony trabeculae. Martill, 
(1985) interpreted this as an adaption for reducing weight and conserving phosphate, making them more 
susceptible for compaction.
Compaction is seen in the cross-section of vertebrae of marine reptiles (Martill, 1985). A thin-
section of a vertebra of a Tyndall ichthyosaur (CPAP0004) shows that compaction left the bone almost 
intact (fig. 13 1a–2b). The trabeculae of cancellous bone are clearly visible, preserving their characteristic 
grid-like structure, as has been observed in other ichthyosaurs (Kolb et al., 2011; Houssaye et al., 2013, 
2014) (fig. 13 1c). The osteons of the cortical bone show the typical small and rounded shape observed in 
vertebral histology of other ichthyosaurs. The thickness of the cortex (about 0.20 mm) reflects what we 
would expect for such derived ichthyosaurs (Kolb et al., 2011; Kolb pers. com, 2015) (fig. 13 1a, 1b, 2a). 
Due to the complexity in the excavation of the specimens at the Tyndall locality, it was possible to take 
histological thin-sections of only one specimen. It is therefore important to consider that the low grade 
of compaction showed before might not represent the same for all ichthyosaurs from the Tyndall locality. 
 Euhedral grains of pyrite have been identified in thin sections (fig. 13 2b, 2c), and a mixture 
of pyrite and calcite infilled trabeculae of cancellous bone. Early diagenesis may have also produced 
the mineralization of calcite in between some bones and cracks (fig. 12 D, E). Pyrite (FeS) and calcite 
(CaCO3) are two of only a few minerals (oxides and sulphates) infilling voids during diagenesis (Wings, 
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2004). “Typically in mudstones and muddy limestone the most common early diagenetic minerals are 
non-ferroan calcite and pyrite (as cubic pyrite or orthorhombic marcasite). The amount of these minerals 
can vary tremendously, as can the form that the mineral takes.” (Martill, pers. comm., 2014). Presence of 
pyrite reinforces the hypothesis of Stinnesbeck et al., (2014) of a deposition of carcasses in a deep-water 
environment with low oxygen conditions. 
The excellent state of preservation and articulation displayed in Tyndall ichthyosaurs indicate 
that they were embedded soon after death. Rapid and complete burial is a likely scenario for the early 
diagenesis of the Tyndall ichthyosaurs.
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Figure 12. A–B, TY48. The red rectangle indicates the compacted skeleton ‘in situ’. C, TY53. The 
exposed forefin and coracoid in dorsal or ventral view. Dotted lines indicate the compacted and 
plastically deformed humerus and coracoid (c: coracoid; Hu: humerus). D–E, TY56. D, The propodium 
and zeugopodial portion of the right forefin. The black arrows indicate calcite infilling by the fractured 
autopodium. E, Skull exposed in right lateral view, showing the fragmented rostrum (red arrows). The 
naris also presents an infilling by calcite (black arrow).
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Figure 13. CPAP0004. The uppermost photography indicates the area where samples for thin sections 
were taken from. Vertebrae exposed are abraded; thin-sections were therefore taken from the non-exposed 
side. 1a–1b, Thin section showing the well preserved cancellous bone (cab) and the thin cortical bone 
Chapter 3. Taphonomy                                                                                                                                 
72
(cob). 1c, Red arrows show the trabeculae and the white arrow the compressed cortical bone. 1a–1c, 
The exposed view is a cross-section of the vertebrae. 2a–2c, Longitudinal thin-section of the vertebrae. 
2a, Shows the extremely thin cortical bone as compared to the cancellous bone. 2b–2c, Arrows point to 
euhedral grains of pyrite in the matrix. Samples are presented in phase contrast microscopy. Abbreviations 
in methodology.
3.2 Abrasion and cryogenesis 
Sediment abrasion by the Tyndall Glacier eroded portions of the Early Cretaceous sediment 
sequence, including skeletons of ichthyosaurs embedded in these sediments. However, abrasion did 
not affect the articulation of skeletons, which are therefore seen on sediment surfaces in articulation. 
Abrasion by glacier activity caused the polishment of surfaces of bones, largely affecting processes 
and other protruding structures of bones. This loss of bone–processes frequently prevented a proper 
taxonomic identification, because the shapes of these processes are diagnostic elements. 
The different grades of abrasion are clearly seen in the thoracic portion of skeletons, in particular 
in the vertebrae. A scheme in the figure 14 shows examples of the abrasion levels observed in the vertebrae 
of different ichthyosaurs from the Tyndall locality. 
Wind, rain, temperature changes and freezing of sediment surfaces led to significant physical 
erosion that affected the sediment containing the ichthyosaurs but also affected the osseous material 
causing fractured surfaces (fig. 15 A). We took advantage of these fractures for excavation, wherever 
possible. The Tyndall ichthyosaurs are damaged by the constant influence of the weather; especially the 
portions of bones exposed by abrasion are subject to rapid erosion (fig. 15 B, C). This situation makes it 
urgent to take action in the ‘in situ’ conservation of these specimens, which cannot be excavated. 
Skeletal portions that remain embedded in the sediment are still complete and articulated, despite 
the grade of compaction they suffered. This has been observed in the excavated specimens in which 
portions of the vertebral column were not totally exposed and which resulted to be articulated after 
excavation and lab examination (fig. 15 D, E). 
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Figure 14. In situ photographs (left) and interpretative drawings (right) of vertebrae of Tyndall ichthyosaurs 
showing the different levels of abrasion. 1, A section of vertebral column with vertebrae exposed in lateral 
view. Vertebrae are slightly abraded but preserve their outline including the outer border. This allows for 
a differentiation of amphicoely in the center. To the right, the draw of a centrum in anterior view (left); 
the vertical line indicates the level at which this vertebra was abraded. Dotted lines in the right drawing 
indicate the amphicoelic outline preserved. 2, Abrasion was stronger and reached the center of vertebrae, 
as expressed by the vertical line of the left drawing, with exposure of only the amphicoelic shape of the 
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centrum. 3, Abrasion affected the external section of the centrum but the concave center of the vertebra 
remains covered by sediment. The drawing to the left represents an anterior or posterior view of exposed 
vertebrae. The middle section of the vertebra is embedded, covered by sediment, as seen in lateral and 
anterior or posterior view in the drawing to the right. Abrasion thus affected different levels of vertebrae. 
                                                                                                                            Chapter 3. Taphonomy  
75
Figure 15. A, CPAP0002, skeleton preserved in right lateral view. Several fractures cross the preserved 
skeleton. B–C, Fragmentation of the caudal portion of the vertebral column is due to erosion (lateral 
view). B, D and E, CPAP-2011-0019. C, TY38. D, The skeleton is almost completely exposed in left 
lateral view. A not exposed portion of the skeleton is embedded in the sediment. E, After excavation, 
portion of vertebral column with articulated neural spines and ribs.
3.3 Preservation of ichthyosaurs from the Tyndall locality 
The excellent preservation of the Tyndall vertebrates is interpreted to result from rapid deposition 
of the carcasses, a retarded decay, absence of scavengers, in addition to an early diagenetic mineralization 
observed in some layers. These characteristics make the locality a conservation Lagerstätte (Martill, 
1989; Stinnesbeck et al., 2014).
The fossil locality at Tyndall contains a mixture of taphocoenoses with complete skeletons (fig. 
16 A) and to a lesser extent, a tanatocoenosis with fragmentary specimens or isolated bones (fig. 16 
B–E). The preservation of complete and articulated skeletons of ichthyosaurs supports the hypothesis 
of a rapid or instantaneous burial by repeated turbiditic flows. Rapid and complete burial inhibited 
scavenging by epi- and endobenthonic animals. Incrusting by epizoans are also absent (Stinnesbeck et 
al., 2014). According to Martill (1993) epizoans could only have settled on skeletized carcasses, which 
provided hard surfaces if bones projected above the sea floor and the water column was oxygenated 
(Stinnesbeck et al., 2014). A rapid burial also favors the preservation of articulated skeletons and of 
soft tissue (Martill, 1993; Caron and Jackson, 2006; Stinnesbeck et al., 2014). Minor disarticulation, as 
observed in some skeletal elements of articulated individuals, then indicates an ‘in situ’ disassociation 
subsequent to deposition (fig. 17 A–D).
Bite marks are not present in the isolated skeletal parts, or in the disarticulated remains, even 
though the possibility exists that these were originally present but later polished off during glacier 
coverage and ice movement. At present, no predator large enough to prey on ichthyosaurs is known from 
the Tyndall locality (Stinnesbeck et al., 2014). 
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Figure 16. Examples of complete and articulated preservation and primary fragments of ichthyosaurs 
from the Tyndall locality. A, Articulated skeleton of TY56 in right lateral view. B, Isolated centrum of 
TY27 in anterior or posterior view. C–D, Isolated portions of caudal vertebrae of TY23 (C) and TY57 
(D), in lateral view. E, Two isolated ribs of TY47 in anterior or posterior view. 
Figure 17. ‘In situ’ disassociation after deposition. A, TY25 in left lateral view. The black circle indicates 
disarticulated vertebrae and the slightly anterior displacement of the left and right hind fins. B, TY17 in 
left lateral view. C, TY05 in right lateral view.  B–C, The black circle indicates a slight displacement of 
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the left and right hind fins. D, Disarticulated phalanges of the forefin of TY11 are indicated by a black 
arrow.
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3.3.1 Types of preservation observed ‘in situ’ 
Three types of preservations are differentiated from the most complete exposed ichthyosaurs: 
Type 1: Ichthyosaurs that were dragged down by turbiditic currents and presumably died in agony after 
deposition (fig. 18).
These ichthyosaurs were dragged down by turbidity sediments and were buried in the abyss still 
alive or freshly dead. The hypothesis that suggests the ichthyosaurs were embedded still alive is explained 
according to the disposition of the exposed vertebrae. In two of the most complete and articulated 
ichthyosaurs exposed in lateral view the same pattern was identified (TY38 and CPAP0001), but in 
specimen CPAP0001 this pattern is almost completely seen: 1) the vertebrae of the thorax (presacral 
vertebrae) are exposed in lateral view. 2) Towards the last dorsals and first caudals the orientation of the 
vertebrae changes from lateral to anterolateral, showing a portion of its anterior face. 3) The vertebrae 
return to their lateral exposition. 4) Towards the last preflexural vertebrae of the caudal section, the 
exposition of vertebrae changes to posterolateral, with portions of its posterior face exposed (fig. 19 
A–C). This suggests that the animal was still moving its tail at the moment of being embedded by the 
turbidity sediments, in an attempt to save its life as seen in stranded sharks. However, a compaction of 
vertebrae caused by the movement of the sediment during fossilization cannot be discarted either.
After being buried the intestinal tract of these ichthyosaurs was still active. Before rigor mortis 
the stress generated by the muscles while dying may have expelled the feces from the body, or water 
pressure in the deep basin forced the coprolites out of the intestinal tract (fig. 20). 
The instantaneous burial and the anoxia prevailing in the bathyal to abyssal environment helped 
in the articulated preservation of the skeletons (Stinnesbeck et al., 2014). 
Ichthyosaurs with this type of preservation are TY09, TY13, TY14, TY17, TY38, TY43?, TY61, 
TY64, TY56? (see table 1). However the complete pattern cannot be completely seen in all of them.
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Figure 18: Sketch illustrating type 1 of deposition. The ichthyosaur was dragged by the turbidity current, 
causing a loss of orientation. The animal was still alive when covered by the turbidity flow. The shaking 
movements of tail and thorax were preserved in the position of skeletons in the sediment (figure modified 
from John Meszaros, 2014).
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Figure 19. The movements in agony before death seen in the ichthyosaur specimen CPAP0001. A, the 
vertebral portion and a representative drawing of the vertebral exposed section of CPAP0001. Dotted 
lines indicate the embedded vertebrae. The vertebral section shows the sequence of four movements 
described above: 1) the lateral exposition of the presacral vertebrae; 2) anterolateral exposition of last 
dorsal vertebrae; 3) lateral orientation of the caudal vertebrae; 4) posterolateral orientation of the lasts 
preflexurals vertebrae. B, A portion of a wood-snake with circular gears. The artificial tension generated 
in each disc creates an undulating movement, and each disc takes similar orientation than the observed in 
the exposed vertebrae of CPAP0001 (i.e. the equivalent of the vertebrae in lateral view (at the left side of 
the picture). The wood-snake discs start to turn anterolaterally (at the right side of the picture)). 
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Figure 20. The preservation of coprolites in three ichthyosaurs from the Tyndall locality. All coprolites 
contain remains of fish bones. A, TY09 preserves two coprolites, one in the abdominal cavity (a) and the 
other adjacent to the area of the anus (b). B, TY24, the coprolite (c) is located in the abdominal cavity. C, 
TY17 preserves two coprolites in the area of the intestines (d), the arrows point to two coprolites. 
Type 2: Ichthyosaurs, which were dragged down by turbiditic currents and presumably died before 
deposition (fig. 21). 
There is no evidence for death in agony in the skeletons of these specimens and it is consequently 
hypothesized that these animals were already dead when they were deposited and covered by turbiditic 
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sediment. Rotation of their vertebrae identified in the type 1 individuals is not observed here (see figs. 68 
and 69 (TY05)). It is possible that some of these ichthyosaurs were caught by the turbidity current, the 
density and power of the current do not allow them to swim out of the mud flow. Consequently they may 
have lost orientation and drowned. These completely articulated skeletons were immediately covered by 
turbiditic sediments. Rapid and complete burial inhibited scavenging by bottom-dwelling animals. 
Ichthyosaurs with this type of depositation are: TY02, TY03, TY05, TY36, TY54 (see table 1).
Figure 21: Sketch illustrating type 2 of deposition. The ichthyosaur was dragged by a turbidity current. 
The animal was already dead when it reached the area of deposition and was covered by the turbiditic 
fines. Lines represent the turbidity flow (figure modified from John Meszaros, 2014).
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Type 3: Ichthyosaurs, which died of natural internal causes (fig. 22). 
Disarticulated and fragmented ichthyosaur remains (e.g., single bones and isolated skeletal parts) 
come from animals that died in surface water habitats under normal circumstances, such as diseases, 
complications during pregnancy and birth process, old age or predation. The carcasses of these animals 
were exposed to extended decay, likely during floating at the water surface and a gradual disintegration 
of carcasses (Allison, 1986, 1988, Caron and Jackson, 2006, Reisdorf et al., 2012). It is well known that a 
low hydrostatic pressure (depths of less than 100 m) allows carcasses to refloat. Surfacing is then related 
to a body density lower than seawater (negative buoyancy) and the production of putrefaction gases due 
to the decomposition of internal organs (Schäfer, 1972, Martill, 1993, Reisdorf et al., 2012). Provided 
the integrity of the integument, these corpses could drift at the water surface. Exposed body parts, in the 
case of ichthyosaurs especially the fins and the terminal tail elements may then detach from the trunk. 
Scavengers fed on rotting soft tissue, until a leakage of putrefaction gas finally caused the carcass to 
sink (Schäfer et al., 1972, Martill 1985, 1993, Reisdorf et al., 2012). Storms and especially waves may 
also result in a sudden failure of the integument and cause instant sinking, often accompanied by the 
dismembering of the carcass by wave forces. When these battered ichthyosaur corpses reached the sea 
floor they were probably not covered by sediment over a prolonged period of time and remained subject 
to a more or less complete decomposition. Drifting carcasses could have been concentrated by wind or 
currents and accumulated at the seafloor. Furthermore, depressions on the seafloor may also result in a 
concentration of carcasses by gravity transport. Both concentration mechanisms were possible in the 
case of the Tyndall ichthyosaurs. Pre-concentrated isolated bones may then have tumbled into Q-fissures 
representing lag deposits. The transport of already decayed skeletons by turbiditic flows led to further 
disarticulation. The bones were then scattered over large areas, milled to pieces and finally deposited 
in the abyss. Most isolated fragments, distorted articulated body parts and isolated bones derive from 
such dismembered and possibly re-located skeletons forming a thanatocoenosis (fig. 16 B–E). Fully 
articulated but isolated flippers found at Tyndall, may be the result of predation by sharks or pliosaurs 
(e.g. Martill et al., 1994, Everhart, 2005), but at present there is no positive evidence to support this 
hypothesis. (figs. 7 D, E and 80 A, B (TY60)). 
The following primary fragments were assigned to this type of deposition: TY04, TY07, TY08, 
TY23, TY27, CPAP-2011-0019, TY47, TY51, TY57, CPAP0003 (see table 1).
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Figure 22: Sketch illustrating type 3 of deposition. Carcasses of ichthyosaurs in decay were dragged 
downslope by turbiditic currents.  The carcasses were transported downslope into deep parts of the 
canyon, where the external pressure was higher than the internal body pressure, making the battered 
carcasses collapse. The explosion occurred in the abdominal section of the body. The dismembered 
portions of the body were displaced in the water column and deposited isolated being rapidly covered by 
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the turbidity mud. Lines represent the turbidity flow. Dots represent the turbidity sediment covering the 
isolated portions.
3.4 Soft parts
The hypothesis of a deposition of ichthyosaur carcasses with their soft tissues still covering the 
skeleton is supported by the preservation of articulated skeletons preserving the tail bend including the 
last tiny centra of the tail fin (fig. 23 A, B), distal phalanges of the forefins (fig. 23 C), and the preservation 
of coprolites in three individuals (TY09; TY17 and TY24, see figure 20). These characteristics suggest 
that the animals were buried shortly after, or near death, and that their intestinal tract was still active prior 
to embedding. They correspond to type 1 of preservation, Alternatively; water pressure in the deep basin 
forced the feces out of the intestinal tract from a freshly killed individual.
Bacterial decomposition of biological tissues is accomplished under both oxic and anoxic 
conditions by the activities of sulfate-reducing and methanogenic bacteria, or other anaerobes. Spaces 
between vertebrae of TY54 correspond to the space were the intervertebral tissue was located and is now 
preserved by a dark mineral infilling (fig. 24), which is here interpreted as sphalerite. This mineral may 
thus have replaced the original soft tissue. Sphalerite is occasionally found in natural cavities of bones 
such as the tooth groove in ichthyosaur jaw bones and in neural canals of plesiosaur vertebrae (Martill, 
1985). Pyrite infilling detected in some bone cavities of the Tyndall ichthyosaurs may also have replaced 
organic matter and may result from sulphate-reduction by anaerobic bacteria. Rapid sedimentation, as 
inferred by the velocity of turbiditic flows, may have added to the preservation of organic matter beyond 
the sulphate reduction zone (Fischer, 1983). The sulphate of pyrite and the sulphate-reductor bacteria 
may have induced sphalerite infill in the intervertebral space. The massiveness infill of the intervertebral 
space might hints to the presence of a notochordial remain rather than a synovial lining.
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Figure 23. Images showing the excellent preservation of some individuals in the Tyndall area. A, 
The caudal–most section of TY56. B, the caudal–most section of TY05. C, The right forefin of TY56 
preserving tiny phalanges of the distal tip.
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Figure 24. Detail of the vertebral column of TY54 in lateral view. Note that the intervertebral spaces 
were likely replaced by the mineral sphalerite. The clearest mineral likely corresponds to calcite.
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Figure of the chapter cover: Reconstruction of Myobradypterygius hauthali von Huene from the Tyndall 
fossil locality based in the different specimens described in the first part of this chapter. Reconstruction 
made by Nikolay Zverkov, 2015.
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4. Introduction.
4.1 The genus Platypterygius von Huene, 1922 
Platypterygius was for long time considered to be the only genus from the Cretaceous (McGowan 
and Motani, 2003). It is geographically widespread and has been found in each continent (Zammit, 
2012). The genus is represented by Platypterygius platydactylus Brolili, 1907 (McGowan, 1972), 
Platypterygius hercynicus Kuhn, 1946 (Kolb and Sander, 2009; Fischer, 2012), Platypterygius australis 
Wade, 1984 (Kear, 2005; Zammit et al., 2010), Platypterygius hauthali von Huene, 1927 (Fernández 
and Aguirre-Urreta, 2005), Platypterygius ochevi Arkhangelsky et al., 2008, Platypterygius campylodon 
Carter, 1846 (McGowan, 1972; McGowan and Motani, 2003), Platypterygius americanus Nace, 1939 
and Platypterygius sachicarum Páramo, 1997. 
Platypterygius has been considered as a Cretaceous wastebasket taxon by several authors 
(Druckenmiller and Maxwell, 2010; Fischer et al., 2012, 2014a; Zammit, 2012), given its polyphyletic 
character (Fischer et al., 2014b). According to the diagnosis of Maisch and Matzke (2000), the genus 
Platypterygius is characterized by being (1) a large ichthyosaur, adult size up to 9 m. (2) low-crowned 
skull, (3) long snout, (4) small orbit, (5) long postorbital region, (6) maxilla extremely long anteriorly, 
(7) strong dentition, (8) roots of teeth quadrangular in cross-section, (9) external naris subdivided, (10) 
septomaxilla well ossified, (11) squamosal lost, (12) condylus occipitalis semi-hemispherical, (13) 
area extracondylaris extremely reduced, (14) atlas-axis co-ossified with third cervical vertebra, (15) 
intercentra not differentiated, (16) humerus with very strong trochanter dorsalis, (17) two or three distal 
facets, (18) anterior and posterior accessory digits well developed, (19) all podial elements very thick, 
forming close-fitting polygonal mosaic pattern as in Ichthyosaurus, (20) pelvis and hindfin little known 
but apparently extremely reduced, (21) caudal peduncle short [sic]. Nevertheless these features are also 
shared by other ophthalmosaurid ichthyosaurs (Fischer et al., 2011, 2012, 2014a, 2014b; Zammit, 2012). 
From the features mentioned above, an extremely reduced extracondylar area of basioccipital, roots of 
teeth quadrangular in cross-section and a prominent dorsal and ventral trochanter on humerus have been 
considered features of Platypterygiinae ichthyosaurs (Fischer, 2012; Fischer et al., 2012, 2014b).
The presence of two preaxial digits in the forefin has been suggested as a diagnostic feature for 
Platypterygius (Fischer et al., 2011), nevertheless Platypterygius australis posses three preaxial digits in 
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some specimens (Zammit et al., 2010), indicating the existence of a high intraspecific variability between 
the digits of the forefin of Platypterygius (Pardo Pérez et al., 2012).
It has been suggested that all the members of this group may eventually be synonymized into 
fewer species, or that they may be grouped in a single supraspecific taxon (Bardet, 1990; McGowan, 
1991; Zammit, 2012). It is therefore necessary to revise the morphology and phylogeny of Platypterygius 
and all taxa referred to the genus, in order to clarify the validity of the genus. Such a study is currently 
being developed (Fischer 2014, pers. comm).
 The new material of Platypterygius hauthali found in southernmost Chile allows to complement 
the diagnosis of the species and the reestablishment of the genus Myobradypterygius, based on the presence 
of diagnostic features. It further allows us to include the species within the subfamily Platypterygiinae 
according to diagnostic features recorded of Platypterygiinae ichthyosaurs. 
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4.1.1 Platypterygius hauthali (von Huene 1927).
In the year 1927 Friedrich Freiherr von Huene described Myobradypterygius hauthali based on 
an isolated humerus and fragments of a forefin from the Barremian of Neuquén Basin, Argentina (fig. 
25 A–F; I, J). The holotype of Myobradypterygius was discovered earlier, at the beginning of the 20th 
century, in Cerro Belgrano in the Argentinian part of Patagonia and was collected by Rudolf Johannes 
Friedrich Hauthal (1854-1928), a German geologist and paleontologist (Fernández and Aguirre-Urreta, 
2005). 
McGowan (1972) pointed out that the material showed sufficient generic similarities with 
Platypterygius von Huene 1922 to reassign the species as Platypterygius hauthali. McGowan and 
Motani (2003) suggested that P. hauthali was a junior synonym of the coeval European Platypterygius 
platydactylus; but Fernández and Aguirre-Urreta (2005) reinforced the validity of the species P. hauthali 
based on a portion of forefin from the Hauthal collection (fig. 25 G, H), which was formerly described by 
von Huene (1925) as possible Myopterygius von Huene and questioned by himself in a later publication 
from 1927. According to Fernández and Aguirre–Urreta (2005), the similarities between the two portions 
of forefins and their relation with the isolated humerus suggest they belong to the same species. 
The discovery of more complete material in the Chilean Patagonia that combines diagnostic 
characters described by von Huene (1927) with hitherto unknown characters that significantly differ 
from those of Platypterygius casts sincere doubts that these specimens are referable to the genus 
Platypterygius. Therefore, the genus Myobradypterygius is here re-established based on a new diagnosis 
that is emended from that of v. Huene (1927).
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Figure 25. Myobradypterygius hauthali von Huene, 1927. A-H: MLP 79-I-30-1, holotype. A-F, humerus 
and line drawings in dorsal view (A), ventral view (B) and distal view (C). G-H, forefin fragment and a 
line drawing. I-J, MLP 79-I-30-2, forefin fragment and a line drawing. K–L, Vertebrae figured by von 
Huene (1925). K, dorsal and L, caudal vertebrae. The portion of forefin in G and H was first described by 
von Huene (1925) as possibly Myopterygius von Huene. The humerus in A–F and the portion of forefin 
of I and J was described by von Huene (1927) as Myopterygius hauthali. This material from A to J was 
re-described by Fernández and Aguirre-Urreta (2005), who emended the diagnosis of Platypterygius 
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hauthali. Abbreviations in methodology.
4.2 Systematic Paleontology 
Order Ichthyosauria de Blainville 1835
Suborder Thunnosauria Motani, 1999
Family Ophthalmosauridae Baur 1887
Subfamily Platypterygiinae Arkhangelsky, 2001 (sensu Fischer et al., 2012)
Genus Myobradypterygius von Huene, 1927
Synonyms: Platypterygius (McGowan and Motani, 2003: p.118)
Species: Myobradypterygius hauthali von Huene, 1927, p. 29
Synonyms: Platypterygius hauthali (McGowan, 1972, p. 17)
Platypterygius platydactylus (McGowan & Motani 2003, p. 124)
Platypterygius hauthali (Fernández and Aguirre-Urreta, 2005, p. 584)
Holotype. MLP 79-I-30-1, left humerus, fragmentary zeugopodium and autopodium of a forefin (fig. 25, 
A–J) (Fernández and Aguirre-Urreta, 2005). 
Referred material: MLP 79-I-30-2: A fragmentary forefin zeugo- and autopodial elements contained in 
a boulder (Fernández and Aguirre-Urreta, 2005). 
New material referred to Myobradypterygius (see figs. 54 to 62 with photographs of the specimens in 
Annex 1 at the end of this chapter). 
TY61: Complete and articulated skeleton partially exposed with over 2.75 m total length (total estimated 
length 3 m), preserving cranial and articulated postcranial bones.
TY38: Complete skeleton of 1.13 m total length (total estimated length 1.30 m) preserving skull bones 
and articulated postcranial bones.
TY11: Partially exposed and partially articulated skeleton of 2.20 m total length (total estimated length 
2.80 m) preserving cranial and postcranial elements.
CPAP0001: Complete skeleton partially exposed over 1.67 m (total estimated length 2 m). The material 
exposes part of the skull and articulated postcranial elements.
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TY56: Complete and articulated skeleton of 3.30 m total length (total estimated length 3.50 m), preserving 
cranial and articulated postcranial bones.
TY12: Disarticulated and partially exposed skeleton of 1.70 m total length (total estimated length is 
unknown) including cranial and postcranial elements.
CPAP- 2011-0019: Isolated and articulated forefin. 
TY15: Complete and articulated skeleton of 3 m (total estimated length 3.50 m), preserving postcranial 
elements.
CPAP0002: Complete and articulated skeleton of 0.9 m (total estimated length 1 m), preserving cranial 
and postcranial elements.
Geographic distribution: Cerro Belgrano, Santa Cruz Province, Argentina (type locality). Rocas Verdes 
Basin, Magallanes and Chilean Antarctic Region, Southern Chile.
Stratigraphic range: Barremian of Río Belgrano Formation (Argentina; 130 myr), Valangianian – 
Hauterivian of Zapata Formation (Chile; 140–130 myr).
Diagnosis of Myobradypterygius: Humerus with three distal facets for articulation with radius, ulna and 
a sesamoid bone (von Huene, 1927, p. 27).
Emended diagnosis of Myobradypterygius: The Tyndall specimens allow us to specify additional 
characters that support the re-assignation of Myobradypterygius hauthali von Huene 1927 and emend 
his diagnosis, therefore Myobradypterygius is characterized by the following diagnostic features: (1) 
Axis of the naris orientated transversely with respect to the rostrum axis with its wider and convex 
margin directed towards it anterior margin. Unlike Platypterygius sachicarum where the axis of the 
naris is orientated transversely but its thinner margin orientates anteriorly (Páramo, 1997). (2) Absence 
of teeth in all ontogenetic stages, unlike all the Cretaceous ophthalmosaurids known. *The validity of 
this feature is pening on new material that can be obtained. (3) Opisthotic rectangular in lateral view; 
in Acamptonectes densus it is lozenge–shaped (Fischer et al., 2012). In Platypterygius australis the 
opisthotic is roughly quadrangular in lateral view. (4) Paroccipital process of opisthotic dorsoventrally 
massive (5 mm high); in Acamptonectes densus (Fischer et al., 2012) and Ophthalmosaurus icenicus 
(Kirton, 1983), it is elongated, slender and dorsoventrally compressed. In Mollesaurus periallus 
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(Fernandez, 1999); Platypterygius australis (Kear, 2005) and Sisteronia seeleyi (Fischer et al., 2014a) 
the paroccipital process is posterodorsally short and blunt. (5) Scapula hourglass-shaped in lateral view 
with concave anterior and less concave posterior margins. (6) Large forefin (more than 650 mm) with 
more than 30 phalanges in the fifth digit, among Cretaceous ichthyosaurs is to date only known for 
Myobradypterygius. (7) Intermedium symmetrically hexagonal articulating with two digits distally 
(latipinnate condition), unlike the longipinnate condition of Platypterygius spp. (8) Up to four postaxial 
digits in the forefin have been only observed in Myobradypterygius up to date. 
 Myobradypterygius hauthali is characterised by the following amount of features, which are shared 
with other ichthyosaurs: (1) Ratio between the total height of basioccipital and that of the extracondylar 
area 0.1 (55 mm total height of basioccipital; 6 mm height of extracondylar area), what is described 
as ‘extremely reduced extracondylar area’ of Platypterygiinae ichthyosaurs (Fischer et al., 2012, 
2014). (2) Supraoccipital U-shaped as in Platypterygiinae ichthyosaurs (Fischer et al., 2012, 2014). (3) 
Supraoccipital part of foramen magnum deep and wide, forming a quadrangular aperture in anterior and 
posterior view, as also seen in Platypterygius australis (Kear, 2005), Platypterygius hercynicus (Kolb & 
Sander, 2009; Fischer, 2012), Ophthalmosaurus natans (Appleby, 1961) and Sisteronia seeleyi  (Fischer 
et al., 2014). (4) Supraoccipital with a concave facet at the dorsal surface of 2 mm for the attachment with 
the parietal bone. Similar shallow concavity is seen in P. hercynicus (Fischer, 2012) and Platypterygius 
spp. (Fischer et al., 2014). (5) In lateral view the premaxilla participates in the formation of the anterior 
and ventral margins of the narial aperture, similar condition is seen in P. sachicarum (Páramo, 1997) 
and Simbirskiasarus birjukovi (Fischer et al., 2014). (6) Coracoid with anteroposteriorly expanded 
shallow anterior notch as is seen in Caypullisaurus bonapartei (Fernández, 2001). (7) Humerus with 
three d istal articular facets for the articulation with the ulna, radius and an anterior extrazeugopodial 
element as in several ophthalmosaurids (Kirton, 1983; Fernández, 1997, 2001; Efimov, 1998, 1999; 
Arkhangelsky 1998, 2008; McGowan and Motani, 2003; Maxwell, 2010; Zammit et al., 2010; Maxwell 
and Druckenmiller, 2011; Fischer et al., 2014; Arkhangelsky and Zverkov, 2014; Roberts et al., 2014), 
although only two distal articular facets are also present in some specimens (Zammit et al., 2010). (8) 
Metacarpal V proximally articulating with the ulnare as is seen in Ichthyosaurus, Ophthalmosaurus, 
Brachypterygius, Sveltonectes and Cryopterygius (McGowan and Motani, 2003; Fischer et al., 2011; 
Druckenmiller et al., 2012). (9) Two preaxial digits as in P. hercynicus and P. australis (but some 
specimens of P. australis also show three preaxial digits).
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4.2.1 Description. 
Proportions – Exact proportions cannot be calculated but according to the most completely exposed 
skeleton (TY56), the maximum length is about 3.50 m in adult individuals. The skull forms a minimum 
of one fifth of the total length but the anterior-most part of its rostrum is not completely exposed. The 
skulls of several subadults and juveniles (see below) are not completely exposed and many bones are 
displaced and rotated (see taphonomy) in a way that an estimation of the body proportions is not possible.
Cranium – Due to the fact that most cranial elements are embedded in sediment and only partially 
exposed, only the following bones can be positively assigned and described. Description is also hampered 
by the fact that exposed bones are superficially eroded by glacier abrasion and erosion. 
Premaxilla (TY56) –The best preserved premaxilla is seen in the skull of TY56 (fig. 26 C, D). It is 
dorsoventrally higher in its posterior portion than in its anterior one. At its dorsal and posterodorsal margins 
the premaxilla connects with the nasal. Ventrally the premaxilla contacts the mandible. Posteroventrally 
a portion of premaxilla likely articulates with the maxilla, which may represent the process supranarialis 
of the premaxilla. Premaxillary teeth were not identified in Tyndall material and appear to be absent. 
Laterally, at its posterodorsal margin were the premaxilla articulates with the nasal there is a marked 
concavity of 34 mm in dorsoventral length, which also continues thru the nasal border. This concavity is 
interpreted to represent the anterodorsal margin of the naris.
Nasal (TY56) – A ventral portion of the right nasal is recognized in TY56, it exposition from the 
sediment is too small to reconstruct its original shape, but the nasopremaxillary suture slightly visible. 
The caudoventral margin of the nasal participates in the formation of the dorsal border of the naris. The 
posterior-most portion of the nasal contacts the anterior portion of a shattered bone that likely represents 
the maxilla (fig. 26 D). 
Naris (TY56) – The naris is widest dorsoventrally at its anterior margin. Its dorsal and ventral margins 
converge towards it posterior margin and finally merge at an acute angle forming a drop–shape. 
Nevertheless, because it posterior-most margin is abraded, it complete outline cannot be reconstructed 
with certainty. Its dorsal border, which is formed by the nasal, is straight. It ventral border, formed by the 
premaxilla, is concave. 
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The lacrimal forms the posterior border of the nares in most ichthyosaurs (Andrews, 1910; McGowan 
and Motani, 2003). Nevertheless this bone has not been identified in the exposed portion of the skull of 
TY56. 
A slender and short bone emerges from the ventral margin of the nasal and is exposed inside the aperture 
of the naris. The bone is shorter and more slender than the adjacent elements and may correspond to the 
internasal septum of the naris, but its fragmentation does not allow for a precise identification. In TY56, 
the naris is 32 mm in anteroposterior length and 12 mm in maximum dorsoventral width (fig. 26 D) 
?Maxilla (TY56) – A possible maxilla in TY56 is right laterally exposed according to its topographic 
position. The bone is four times thinner than the exposed premaxilla, nevertheless most of the exposed 
maxilla is abraded. With its ventral margin it forms a suture with the premaxilla and rostrodorsally with 
the nasal. Another contact is produced caudodorsally with a bone identified as a possible jugal, according 
to its topographic orientation (fig. 26 D). 
Jugal (TY11; CPAP0001) – The jugal gently curves ventrally in TY11 and CPAP001 and its posterior 
margin is 14 times wider than its anterior one in the exposed portion of TY11. The outline of the jugal 
cannot be positively reconstructed in TY56. The exposed portion is very fragmented but is elongated. 
The jugal of TY56 anteriorly contacts the maxilla (fig. 27 B and fig. 30 A–D).
Basioccipital (TY61; TY12; TY11; TY38; CPAP0002) – Three morphotypes were differentiated with 
respect to the basioccipital of M. hauthali: a) a basioccipital as wide as high (aspect ratio 1:1, see 
table 2 for measurements). The floor of foramen magnum is straight. This type of basioccipital was 
detected in TY61 and is assumed to characterize adult specimens (see discussion). b) A basioccipital 
with rounded shape (aspect ratio 1.14) and a slightly concave floor of the foramen magnum. This type 
of basioccipital was identified in TY11 and may characterize sub-adults. c) A basioccipital with rounded 
shape and a deeply concave floor of the foramen magnum. This morphology was detected in specimen 
TY38 (basioccipital aspect ratio 1.6), which is characterized as a juvenile, and in the neonate CPAP0002 
(basioccipital aspect ratio 1.4).
In TY61 the dorsal exposition of the basioccipital shows a convex posterior margin and an almost 
strait anterior margin. An anterodorsal and anteroventral projection is followed by a concave section of 
5 mm and marks the separation between the extracondylar and the condylar area of the basioccipital. 
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The anterodorsal projection is more pronounced than its anteroventral counterpart. The stapedial facet is 
located on these projections (fig. 28 A, B). The facets for articulation of the basioccipital with the right 
and left exoccipitals are usually seen in dorsal view, but in the present material, the abraded surface of 
the exposed bone does not allow its identification. 
In the basioccipital of TY38 the dorsal margin of the foramen magnum is deeply concave. The 
exoccipitals are disarticulated from the basioccipital, and one of them contacts the basioccipital at the level 
of the foramen magnum. The facets that contact the exoccipitals with the basioccipital are not identified 
in the view in which the basioccipital is exposed. In TY38 the ventral margin of the basioccipital condyle 
is reduced when compared to TY61 (fig. 29 E, F). 
The basioccipital of TY11 shows a deep depression of its dorsodistal section. This depression 
may represent the polished bilobate concavity for the foramen magnum. The basioccipital is markedly 
rounded in general outline (fig. 29 A, B).
The basioccipital of TY12 is rounded in outline and likely exposed in dorsal view, as indicated 
by a slightly convex projection at the anterior and posterior margins and the rounded proximal and 
distal exposed edges. An anteroposterior convex projection may correspond to the stapedial facet, while 
a concave depression represents the extracondylar area. The extracondylar area is much reduced. Its 
anterior margin is partially embedded and overlapped by an unidentified bone (fig. 28 C, D). 
Supraoccipital (TY11; TY38) – The supraoccipital is laterally and dorsoventrally quadrangular in shape. 
It has a deep and wide foramen magnum, which is ‘U-shaped’ in anterior and posterior view. The dorsal 
facet on the supraoccipital for parietal articulation is concave and is also visible in anterior or posterior 
view. The supraoccipitals of TY11 and TY38 are exposed in either anterior or posterior view. It its 
thought because is possible to clearly recognize its ‘U-shaped’ deep and wide foramen magnum as its 
quadrangular shape (fig. 29 C–F). 
Exoccipitals (TY38) – The right and left exoccipitals are exposed in TY38 and slightly disarticulated 
from the supraoccipital. They are short in dorsoventral high and stout in anteroposterior width. The 
exoccipitals are slightly curved medially (fig. 29 E, F). 
Stapes (TY61; TY12) – A stapes is exposed in both TY61 and TY12 (fig 28 A–D). The bone is 
anteroposteriorly three times wider at its proximal margin than the distal one (see table 2). The 
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craneoventral margin is straight and it caudoventral margin is divided in an obtuse angle. Both its 
anteroventral and posteroventral margins are sharpened. In TY12 the opisthotic and basioccipital facets 
are located in the dorsal margin of the stapes. In TY61 the basioccipital and opisthotic facets are likely 
located posterodorsally.  
In TY61 the stapes lies rotated a 90° from its original position in the stapedial facet of the 
basioccipital and is now located adjacent to the condylar area of the basioccipital (fig. 28 A, B). The facets 
for articulation of the stapes with the basioccipital and ophistotic are visible in anterior and posterior 
view in three-dimensional material. According to the rotated position of TY61, the basioccipital facet 
occupies more of the dorsal exposed surface of the stapes, which indicate it is likely exposed in medial 
view. The exact lengths of the basioccipital and ophistotic facets are not determined precisely based on 
the view in which the stapes is exposed. The abraded surfaces and the absence of processes also hamper 
a positive identification of the basioccipital and ophistotic facets.
In TY12 the outline of the stapes is preserved. The bone is located close to the anterodorsal 
margin of the basioccipital and two unidentified skull elements are situated next to its anterior and 
posterior margins. The stapes is 26 mm in proximodistal length. According to its outline the bone is 
likely exposed in anteromedial view. The distal-most edge of the acute angle formed in the posterior 
margin may represent the facet for articulation with the quadrate (fig. 28, C, D).
Opisthotic (CPAP0001) – According to its outline, an isolated element exposed in CPAP0001 may 
represent an opistothic exposed in postero-lateral view. The bone is quadrangular in shape. Its ventral 
margin is concave and articulates with the basioccipital, while the dorsal margin is convex anteriorly and 
concave posteriorly for the contact with the squamosal. 
The anterior margin of the opisthotic is almost flat. The posterior margin is longer at its dorsal 
margin, but shorter towards its ventral margin. The anteroposterior extension of the dorsal margin may 
correspond to the paroccipital process, which articulates with both the supratemporal and the parietal in 
articulated individuals.
 The posteroventral margin of the possible opistotic is markedly concave. This concavity would 
represent the insertion area of the musculus adductor mandibulae externus, a muscle that originates from 
the otic capsule in extant reptiles (Haas, 1973; Kear, 2005). The exposed possible opistothic is 12 mm 
high and 22 mm in maximum length (fig. 30 E, F; table 2). 
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Basisphenoid (TY38; CPAP0002) – An element identified as a possible basisphenoid is seen in TY38 
and CPAP0002 based on its roughly oval outline. The bone is trapezoidal in shape with a posterior 
convex margin and a flat anterior one. It dorsal exposed margin is twice as large than it ventral exposed 
margin and shows a shallow groove, which may correspond to the carotid furrow of the basisphenoid 
in CPAP0002 (fig. 28 E, F). 
Parasphenoid (TY38) – The parasphenoid of TY38 is narrow and more than twice as long than the 
basisphenoid. Only a small portion of the parasphenoid is exposed in CPAP0002 while the rest of this 
bone is embedded in the sediment. Even though, it appears to be fused to the basisphenoid, which would 
then indicate a mature ontogenetic state (Fischer et al., 2014a), although the ontogenetic significance 
of this feature is under discussion (Kear and Zammit, 2013). In TY38 the parasphenoid is folded over 
itself in its dorsal and medial margin, probably as a consequence of plastic deformation (fig. 27 C, D). 
Pterygoid (TY38; CPAP0001) – Pterygoids are present in TY38 and in CPAP0001. They are trapezoidal 
in shape, and are approximately two times anteroposteriorly longer than its proximodistal maximum 
width (table 2). The wider section at its posterior-most margin, likely corresponds to the surface of 
the pterygoid process for connection with the basisphenoid. The thinner and elongated portion may 
correspond to the surface for articulation with the contralateral pterygoid. Both pterygoids have been 
displaced from their original location. In TY38 the wider exposed portion is closer to the basioccipital 
(fig. 27 C, D). In CPAP0001 the wider portion of pterygoid is closer to the vertebral column (fig. 30 
A, B, C, D). According to their outline, the two pterygoids are likely exposed in dorsal or ventral view. 
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Figure 26. Myobradypterygius hauthali. A-B, TY61. A, Finding situation. B, Interpretative drawing. 
C-D, TY56. C, Finding situation of the skull. D, line drawing of C showing elements identified here.
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Figure 27. Myobradypterygius hauthali. A-B, TY11. A, Finding situation of skull and the anterior portion 
of the vertebral column; in contrast to the fully articulated vertebral column the skull has fallen apart. B, 
Elements identified. C-D, TY38. C, Finding situation of skull and rostrum elements. D, line drawing of 
elements recognized in C. 
                                                                                                                              Chapter 4. Taxonomy  
108
Figure 28. Myobradypterygius hauthali. A-B, TY61. The exposed basioccipital (in dorsal view) and stapes 
(in anterior or posterior view). B, Line drawing of skull portions identified and showing the rotation of 
stapes by 90° in posterior direction. C-D, TY12. Basioccipital in dorsal view and stapes in anteromedial 
view. D, A line drawing of the bones recognized. E-F, CPAP0002. The exposed basioccipital in dorsal 
view and ?basisphenoid laterally exposed. F, Line drawing of E with the outline of elements identified.
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Figure 29. Myobradypterygius hauthali. A-B, TY11. Basioccipital finding position in dorsal view. B, 
identified portions of basioccipital. C-D, TY11. Supraoccipital in finding position seen in anterior or 
posterior view. D, Identified portions of supraoccipital. E-F, TY38. Supraoccipital possibly in posterior 
view, exoccipital possibly in dorsal view and basioccipital in dorsal view. F, Line drawing of E, indicating 
the outline of elements discussed here. 
                                                                                                                              Chapter 4. Taxonomy  
110
Figure 30. Myobradypterygius hauthali. CPAP0001. A, Photograph of the skull as preserved. B, Skull
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 elements identified in A. C, Neutron radiography (NR) of a portion of the skull. D, Line drawing of 
elements identified in C. E, Pterygoid possibly in dorsal view. F, Line drawing of it. G, Ophistotic in 
posterolateral view. H, Line drawing of G including interpretation of ophistotic elements. C and D, not 
to scale.
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Figure 31. Myobradypterygius hauthali. TY38. A, The cervical portion of vertebral column including the 
atlas-axis complex with articulated neural arches. B, A line drawing indicating the elements identified.
Post-cranium – In almost all specimens of M. hauthali discussed here the post-cranial elements preserved 
consist of remains of the vertebral column, including the tail bend (e.g. TY56), portions of neural arches 
and spines, ribs and gastralia, pectoral and pelvic girdle, forefin and a portion of hind fin. TY56 also 
shows portions of an embryo in its abdominal area and bones of crushed and partially digested fishes 
inside the rib cage.
Vertebral column (TY61; TY11; TY38; CPAP0001; CPAP0002; TY15; TY12; TY56) – The maximum 
vertebral account is >115 vertebrae, in TY56. From these, 46 of the exposed vertebrae are from the 
presacral section of the skeleton, including possibly three ‘cervical’ centra. The vertebrae from the caudal 
section consists of 69 vertebrae, from which 33 vertebrae compose the preflexural and 36 vertebrae the 
postflexural section.
The cervical area consists of about three vertebrae, including the atlas-axis complex. The limit 
between the dorsal and caudal sections of the complete skeleton were placed tentatively following 
the methodology of McGowan and Motani (2003) (fig. 9). Because of the absence of a sacrum in 
ichthyosaurs, the authors used the pelvic girdle elements as an indicator for the beginning of the caudal 
section. Nevertheless, in some specimens pelvic girdle elements are taphonomically displaced and thus 
the method can then not be applied to the Tyndall specimens. 
 The dorsal and caudal centra are dorsoventrally higher than its anteroposterior length. The centra 
decrease in height towards the caudal section of the skeleton. Tail vertebrae (postflexural vertebrae) are 
high as long and present articulated reminiscences of neural arches at their dorsal margins and chevrons 
at their ventral margins (fig. 34). Postflexural tail vertebrae are exposed in TY56 and TY15. They are 
hourglass-shaped which is common in derived species (McGowan and Motani, 2003). 
 Atlas and axis are completely fused. It is thought because the amphicoelic shape of the atlas-axis 
complex detected from the abraded section is twice as large than the rest of the vertebrae. In the middle 
of the atlas-axis complex is possible to recognize a faint impression of the suture that separated the two 
elements, which are now fused.
 Two pair of the neural arches are attached to the fused atlas-axis complex, both in TY38 as TY11. 
The atlas-axis complex is thus the only element of the vertebral column that shows a double articulation 
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with neural arches (McGowan and Motani, 2003). This is seen in TY38 as it higher than larger dimension 
in lareral view (fig. 31).
In TY61 the vertebral column as preserved consists of 21 articulated exposed vertebrae in 
ventrolateral view (see fig. 54 in Annex 1). No processes or apophyses are recognized in the exposed 
portion of the vertebral column, neither neural arches nor spines articulating with each centrum. According 
to the size of the vertebral series exposed and its topographic location in the total exposed skeleton, it 
likely corresponds to the preflexural vertebrae of the caudal section. The posterior-most section of the 
last exposed vertebrae is embedded, which suggest that the rest of the caudal series as the tail bend are 
still contained in the sediment. 
TY38 is preserved in right lateral view, with 56 articulated centra including the atlas and 
axis. Sediment abrasion produced by the glacier cut some parts of the vertebral column exposing the 
characteristic amphicoelic centra in ‘tie-shape’ (McGowan and Motani, 2003). The presacral vertebral 
series of the skeleton is complete, but only a short posterior portion is preserved. Following McGowan 
and Motani (2003), the dorsal section of the skeleton consists of 42 centra, in addition to the atlas and 
axis. The preserved caudal portion in consequence would then consist of 14 centra. The centra are higher 
than large. In the third ‘cervical’ vertebra the height is 27 mm and the width is 7 mm. The centra exposed 
at the perisacral region are 32 mm in dorsoventral height and 12 mm in anteroposterior length (see fig. 
55 in Annex 1). The most terminal exposed caudal centra are 31 mm in dorsoventral height and 13 mm 
in anteroposterior length. Diapophyses and parapophyses have not been identified in any of the exposed 
centra of the vertebral column.
The atlas-axis complex is articulated with the distal section of the basioccipital. As the indicated by the 
laterally exposed centra, the atlas-axis complex is 27 mm high and 15 mm long. 
All centra are virtually articulating with their respective neural arch. Nevertheless, most of the 
neural arches are embedded in the matrix and none is completely exposed. 
In TY11, 28 articulated centra from the dorsal section of the vertebral column are exposed in right 
lateral view, but the atlas–axis complex is not exposed (see fig. 56 in Annex 1). The polished exposed 
vertebrae, shows their characteristic amphicelous centra. These are articulated with their respective 
neural arches. The neural arches and spines are not completely exposed.
A second exposed portion of the vertebral column of TY11 contains 18 articulated centra from 
the caudal section of the complete skeleton exposed in right anterolateral position, changing to lateral 
towards the caudal-most portion (fig. 56).
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The vertebral column of CPAP0001 is exposed in left lateral aspect changing to left anterolateral and left 
posterolateral aspect (see figure 19 in chapter 3: taphonomy); it also show exposed abraded centra with 
amphicelous intervertebral articulations, as is seen in the other specimens (fig. 32 A, B). 
Atlas and axis are completely fused. It is higher than long: 40 mm high and 25 mm long. A neural 
arch articulates with their respective element. Co-ossification with the third cervical was neither detected 
in TY38 nor in CPAP0001 (c1 in the fig. 32).
 27 articulated centra from the dorsal portion of the skeleton are exposed in CPAP0001. From 
these, 15 centra are left laterally exposed and 11 are exposed in their anterolateral aspects. Towards 
the posterior section of the skeleton, a portion of 0.4 m length of vertebral column is preserved, which 
corresponds to preflexural vertebrae of the caudal section. From these, 19 articulated centra were identified 
in posterolateral view (see figure 19 A in chapter 3). The lasts preflexural vertebrae as the postflexural 
ones are not preserved (see figure 15 B and D in chapter 3). Single facets, probably for articulation of 
ribs, are observed in two of the centra (fig. 32 D).
No chevrons, or neural arches, are visible in this segment. The length of the vertebrae of 
CPAP0001 cannot be reconstructed precisely because the anterior and posterior margins of each centra 
are incomplete. The length of the vertebrae can only be precisely measured in those that are laterally 
preserved. In those that are exposed in anterolateral or posterolateral view the level of the section is 
unknown, thus, a length measurement is not possible. 
11 neural arches are partially seen to articulate with their respective vertebrae. The distal sections 
of 16 neural spines are exposed in the dorsal portion of the skeleton. Neural spines articulate with their 
respective neural arches. Nevertheless, ribs from the left side of the thorax overlap the articulations of 
neural arches in 11 of the exposed neural spines and the contact between neural arches and neural spines 
is not seen (fig. 32 A, B). Neutron radiography of a dorsal portion of the skeleton containing vertebral 
column and ribs revealed the outline of the embedded neural arches (fig. 33). In the radiographic image, 
two neural arches are identified articulating with their respective centrum and showing their anterior and 
posterior zygapophyses (fig. 32 B, C).
In TY56 the vertebral column is almost completely exposed in right lateral to anterolateral and 
posterolateral view, with the exception of two portions of the dorsal section of the skeleton, which are 
embedded in the sediment. One of these portions of 120 mm length is located in the ‘cervical’ section of 
the skeleton; the atlas-axis complex of the skeleton is therefore not seen. The other embedded portion is 
located in the thoracic area of the skeleton and is 38 mm long (see fig. 58 in Annex 1). Some centra are 
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abraded and expose the hourglass outline typical of amphicoelous vertebrae.
The pelvic girdle in TY56 preserves its original anatomical position. Par- and diapophyses are not 
seen in vertebral section corresponding to the ‘pelvic girdle’ area in TY56, therefore this area can only be 
recognized as the ‘pelvic girdle’ by it contact with adjacent pelvic elements. Three vertebrae are exposed 
in dorsal view showing facets for their respective neural arches and the neural canal. Neural arches, 
however, are covered by sediment. All other dorsal centra are exposed in lateral view. The caudal section 
is formed by 69 vertebrae, from which 33 vertebrae conform the preflexural and 36 the postflexural 
section of the tail. In the preflexural section 10 vertebrae are exposed in anterolateral view and some 
other mostly embedded, in posterolateral view (fig. 58).
The tail bend is partially exposed and was formed by about five centra. The original angle of tail 
bend cannot be calculated because of disarticulation and compaction (fig. 34).
The first 13 postflexural centra do not show chevrons, but these may be embedded in the sediment. 
The remaining postflexural centra present chevrons at their ventral margin and reminiscences of the 
neural arches at their dorsal margins (fig. 34 C, D). 
In TY12 seven articulated centra are exposed in lateral view. A portion of the vertebral row, 
between the fifth and the sixth exposed centrum, is embedded in the sediment. 
Several centra are abraded halfway and present an amphicoelous shape. They likely correspond 
to the ‘cervical’ region (anterior dorsal vertebrae) of the vertebral column, according to its closeness to 
the exposed skull elements of this specimen (see fig. 59 in Annex 1).  
TY15 preserves an articulated portion of vertebral column with 24 vertebrae, including the 
posterior-most dorsal and terminal-most caudal vertebrae. The slightly outline of 21 embedded vertebrae 
is also recognized. The apical centrum is embedded but 12 postflexural vertebrae of a terminal portion of 
the tail are exposed in lateral view. They are as high as long. Chevrons are detected in the ventral margin 
of three vertebrae and seven vertebrae shows reminiscences of neural arches at their dorsal margins. 
Postflexural vertebrae also show a marked amphicoely (fig. 34 E, H).
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Figure 32. Myobradypterygius hauthali. CPAP0001. A, The dorsal portion of the skeleton with articulated 
vertebrae, neural arches, spines and ribs. B, A line drawing indicating the sections of bones identified. 
C-D, caudal portion (preflexurals vertebrae) partially exposed. E and F are the continuation of photo C 
and drawing D, towards the posterior-most exposed section, starting in the centra number 35 (c35). The 
number in each vertebrae represent the exposed centra. The tail with postflexural vertebrae is eroded (see 
taphonomy).  
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Figure 33. Myobradypterygius hauthali. CPAP0001. A, The dorsal portion of the vertebral column. The 
dotted white line indicates the portion used for neutron radiography. B, Neutron radiographic image. C, 
The sections detected in B. D, The portion with neural arches and spines from the dorsal section of the 
vertebral column overlapped by ribs. E, A line drawing of D. 
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Figure 34. Myobradypterygius hauthali von Huene. A-D, TY56. A-B, Caudal part of the skeleton with 
preflexural, postflexural and apical sections. Note the dorsaloventral compression of the tail caused by 
sediment pressure (see taphonomy). C, Postflexural centra of the tail. D, A drawing of C, showing the 
preservation of chevrons and neural arches reminiscences. E-H, TY15. E-F, Caudal section showing 
preflexural and postflexural vertebrae. The apical section is embedded in the sediment. G, Terminal 
postflexural centra of the tail. H, A drawing of G, showing the preservation of chevrons and neural 
arches reminiscences. Note the proximodistal compression of the postflexural vertebrae, showing that 
amphicoely persists into the distal-most tail vertebrae.
 
Ribs and gastralia (TY56; TY61; TY11; CPAP0001; TY38) – The rib cage consists of long and slender 
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ribs. Longitudinal furrows are present on the internal and external lateral face of each rib and these furrows 
originate between the two articular heads of the rib. Their articular heads, capitulum and tuberculum, 
articulates with their respective di–and parapophyses of each centrum. This ribs articulation is not clearly 
seen in the present material of M. hauthali. Towards posteriorly, the length of the vertebrae gradually 
declines and likely the articular facets on the centra merge and last dorsal ribs also taper and become 
single-headed, as is common in ichthyosaurs (McGowan and Motani, 2003; Frey and Stinnesbeck, 
2014). The right lateral exposition of TY11 allows for identification of three different types of cross-
sectioned rib morphologies according to their location in the skeleton (fig. 35 A–F): (1) Cross-sectioned 
ribs that shows two circular areas united at its center by a thin contact forming an ‘8–shape’ (fig. 35 B). 
These types of ribs are present in the thoracic area of the skeleton. This morphology is suggestive for 
the presence of a double-headed rib articulation, which forms a longitudinal furrow at its internal and 
external face. (2) Cross-sectioned ribs that shows an oval shape with a concavity at its internal face 
forming a C–shape’ (fig. 35 C). These types of ribs are seen in the posterior-most vertebrae of the thorax 
and subsequent vertebrae of the caudal section of the skeleton. This morphology of the cross-section 
is suggestive for a merged single-headed rib articulation, retaining a separation groove between the 
articular heads at its internal margins. (3) Cross-sectioned ribs that shows an oval to circular outline (fig. 
35 D). These types of ribs are seen in the ventral extreme of the thoracic and last dorsal ribs. This sections 
indicates that neither the thoracic nor the last dorsal ribs had longitudinal furrows along them. Instead the 
furrows gradually reduce towards the ventral section of the ribs until completely disappear. 
TY61 presents the ventral-most section of 22 ribs from the right side of the skeleton. Four ribs lay 
across the phalanges of the left forefin (fig. 54).
In TY38, there are 38 ribs with longitudinal grooves, which likely lie in articulation with their 
respective centra. However, this is only concluded from their position and orientation, because their 
proximal heads are embedded. Four lateral gastralia articulate with their respective ribs in the ventral 
part of the skeleton (fig. 55). 
In CPAP0001, the ribs from the left side of the thorax are abraded and only their basal section is 
preserved, which overlap about 14 of the neural arches and spines. 22 right thoracic ribs are exposed but 
the two articular heads of the thoracic ribs are only visible in two of them. Furrows are present on these 
ribs, which would be suggestive for double-headed ribs, but remains uncertain whether these furrows are 
longitudinal along the ribs or not (fig. 57). 
In TY56, 33 ribs from the left side of the thorax are exposed showing the furrows. The mid-shaft 
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of these ribs are embedded (fig. 36). The ventral ends are seen in 16 ribs, while 18 are nearly completely 
exposed. The articulation of these ribs with their respective centra is covered by matrix. Thus, nothing 
can be said about the type of articulation. An undetermined number of ribs from the right side of the 
thorax overlies about 17 of the dorsal vertebrae, but these are too compacted to identify anatomical 
details (fig. 58). 
In TY12 21 ribs are exposed in longitudinal section, whereas eight partially covered ribs are 
laterally exposed (fig. 59). 
The gastralia are only about half as thick as ribs. Each series of gastralia contacts the ventral-
most margin of ribs in two points. This two-point articulation is produced by a bifurcation of the lateral 
terminus of the lateral gastralia. This bifurcation is seen in lateral aspect (fig. 37). 
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Figure 35. A, Ribs of TY11 in cross-section  showing three different types of sections. B, The double 
furrowed cross-section ribs (8-shape). C, The single furrowed cross-section (C-shaped). D, The circular 
to oval cross-section. B-D, Diagram presenting the reconstructed location of the longitudinal groove on 
each type of ribs (B, at the internal and external face of ribs; C, at the internal face; D absence of furrow). 
E-F, Interpretative diagrams showing the morphology of the embedded portion of the vertebral column 
and the exposed cross-sectioned ribs from the right and left side of the thorax. The angle of fragmentation 
is perpendicular to the horizontal plane. The dorsoventral length of ribs from the left side of the thorax is 
longer than those from the right side of the thorax. E, Example of dorsal vertebra. The exposed portion 
of cross-sectioned ribs is either oval-shaped (left rib) or eight-shaped (right rib). F, Example of last dorsal 
vertebra. Ribs are oval-shaped in cross section (left rib) or crescent-shaped (right rib). According to this, 
the furrow of ribs is not longitudinal along the ribs; rather it gradually reduces towards the ventral end 
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of the rib.
Figure 36. Myobradypterygius hauthali TY56. A, The proximal section of ribs from the left side of the 
skeleton. B, A line drawing with the outline of ribs. Dotted lines represent the furrows of the ribs. 
Figure 37. Myobradypterygius hauthali TY56. A, A photograph showing the distal-most section of ribs 
and the gastralia. B, A line drawing with the outline of the portion of ribs (to the left) and the ‘Y’ shape 
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of gastralia (to the right, see the black arrows).
 
Pectoral girdle – Portions of clavicle, interclavicle, coracoids and scapula are identified in the following 
specimens.
In TY56 elements of the pectoral girdle are partially exposed, however it is not possible to identify 
them with certainty. Only both clavicles have been positively identified. According to their topography, 
the medial sections of both coracoids are likely exposed. Because the exposed portions do not show any 
diagnostic features an anatomical description is not possible.
The contralateral elements of the pectoral girdle are also present in CPAP0001, but no diagnostic 
structures are visible, and thus no anatomical description is possible. According to the taphonomy, the 
disarticulated elements may correspond to the left side of shoulder girdle, while elements of the right side 
are still embedded in the sediment (fig. 38). 
Clavicle (CPAP0001; TY56) – One of the clavicles is preserved in CPAP0001 (likely the right one 
according to its topographic location). The clavicle is twice as thick at its anterior margin than the 
posterior one. The mid-shaft of this element is ventrally concave and dorsally convex, which resembles 
to the seen in the clavicle of O. icenicus (Kirton, 1983), Mollesaurus periallus (Fernández and Talevi, 
2013) and Platypterygius sp. (Maxwell and Caldwell, 2006a). The anterior margin of the clavicle is 
overlapped by the coracoids. The clavicle lost it natural contact with the scapula as result of post-mortem 
disarticulation. The exposed portion of clavicle is 100 mm in maximum length.
Left and right clavicles have been recognized in TY56 according to its topographical orientation. 
The right clavicle is the best exposed of the two (250 mm long of the exposed section). The highest 
portion of the right clavicle may represent the section for interclavicle reception, which is commonly 
seen in dorsal view. However most of this bone is still embedded not allowing to describe it further.
?Interclavicle (CPAP0001) – An element tentatively identified as an interclavicle is present in CPAP0001 
based on its elongated medial portion, where the clavicles must have been articulated during life. The 
proximal and distal portions of this bone are roughly triangular in outline, with the apex orientated 
towards its proximal and distal directions, respectively. The bone has been displaced from its original 
location. It proximally overlaps the dorsal portions of some thoracic ribs and its posterodistal margin 
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contacts a proximal portion of scapula. The exposed section of the interclavicle measures 155 mm 
transversally (fig. 38).
Coracoids (CPAP0001; TY61) –The coracoid is exposed in dorsal or ventral view. The absence of 
diagnostic structures of the bone due the abrasion, does not allow for a positive determination of its 
precise orientation. The posterior and medial margins are not completely exposed, but a 90% of the bone 
is exposed, therefore is possible to reconstruct its shape (fig. 48 A). The intercoracoidal articular facet 
is seen from medially in TY61. It is anteroposteriorly larger than its dorsoventral height (65 mm length 
and 36 mm height). Its height is almost homogeneous in all the exposed section with exception of its 
posterior-most margin, were the bone finish in a sharp point, forming a lenticular shape (fig. 38 E–F). The 
anterior notch of the coracoid in CPAP0001 is transversally expanded but shallow (fig. 38 B; 48 A). The 
maximum lateral width of this coracoid as exposed is 72 mm.
Both coracoids are exposed in CPAP0001, but they are disarticulated. The ?right coracoids is 
seen in either dorsal or ventral view and is still placed in the area of the pectoral girdle. This coracoid is 
associated anteriorly with the clavicle and laterally with the scapula (fig. 38 A, B).
The opposite coracoid has been displaced from its original location and overlaps several forefin 
phalanges. Orientation of this bone is unclear because the anterior notch is not exposed and other 
diagnostic features are also embedded. The medial margin is half the length of the lateral edge (fig. 38 A, 
B). Due this coracoid is not completely exposed; measurements of the bone are not significant.
Scapula (CPAP0001; CPAP0002; ?TY61) – Scapulae are best seen in CPAP0001 and CPAP0002 (fig. 
38 A, B, C, D). In both specimens the scapula is seen in ?dorsal aspect. The scapulae are proximodistally 
1.5 times longer than its anteroposteriorly width (see table 2). The posterior margin is concave and the 
anterior is slightly straight, but it seems not be completely exposed. A reconstruction of this bone and 
coracoids is seen in figure 48. The proximal and distal margins of both scapulae are almost straight. Their 
outline is hourglass-shaped. 
Orientation of the opposite scapula of CPAP0001 remains unclear, because the bone is not 
completely exposed. Its posterior margin is deeply concave, while the anterior one is convex. The distal 
margin is wider than the proximal one, suggesting a lateral aspect orientation (fig. 38 B).
The ?right scapula of TY61 is seen in medial view. It is anteroposteriorly wider than its dorsoventral 
height (41 mm width and 26 mm height) and is twice as height at its posterior margin than at its anterior 
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one. The posterior margin is convex and its convexity declines towards it anterior margin (fig. 38 F).
                                                                                                                              Chapter 4. Taxonomy  
126
Figure 38. Myobradypterygius hauthali von Huene. A-B, CPAP0001. A, A photograph of the pectoral 
girdle. B, Elements of the pectoral girdle identified here include the scapula and coracoids. C-D, 
CPAP0002, C, The scapula ‘in situ’. D, A line drawing of scapula outline. E-F, TY61. E, The medial 
section of the ?right coracoid and the scapula ‘in situ’. F, A line drawing of E. 
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Forefin (TY56; TY61; CPAP0001; TY11; CPAP-2011-0019; TY15) – Left and right forefins have been 
identified according to their topographical position. The most complete exposed one is a right forefin 
preserved in TY56 (fig. 39 A, B). It measures 650 mm proximodistally and 130 mm anteroposteriorly, 
but its maximum width is not completely exposed. A fracture in the sediment crosses the entire forefin 
diagonally. This fracture causes the loss of some phalanges. Small rounded phalanges are characteristically 
present in the distal-most section of the forefins of ichthyosaurs (Pardo Pérez et al., 2012; Stinnesbeck 
et al., 2014) and are also seen in TY56, indicating the distal end of the forefin (fig. 23 C and 39 A, B). In 
addition to the complete right forefin of TY56, the proximal portion of the left forefin is exposed. The 
humerus is in articulation with ulna, radius, the extrazeugopodial element and the proximal section of 
the intermedium and radiale (fig. 39 C, D). The anterior section of the forefin was identified based on the 
convexity of the preaxial and postaxial phalangeal rows and the morphology of zeugopodial elements as 
well as the extrazeugopodial element. The contact of the humerus with an extrazeugopodial element is 
diagnostic for ophthalmosaurid ichthyosaurs (Motani, 1999; McGowan and Motani, 2003). The primary 
axis of the fins was identified following the configuration proposed by Motani (1999). According to 
this, the ulnare and distal carpal four articulate posteriorly with the intermedium. The processes in the 
humerus, which are diagnostic, are not seen in any of the exposed fins and therefore nothing can be said 
about the orientation of the bone and thus the entire fin.
All the forefins present four main digits (digits II, III, IV and V; digit I is missed and replaced by 
digit V, according to Motani (1999)), in addition to two preaxial and up to four postaxial accessory digits. 
The longest digit (digit V) has 31 exposed phalanges in TY56. Nevertheless, several phalanges from the 
middle section of digit V remain embedded in the matrix meaning that the forefin reached substantially 
more than 30 phalanges. The preaxial elements are elongated proximodistally. The digital phalanges 
are anteroposteriorly long and proximodistally low, forming a rectangular densely–packed shape. The 
elements of the preaxial digit are hexagonal, while the postaxial elements are quadrangular in shape. The 
last pre–and postaxial digit has rounded phalanges.
 Both forefins of TY61 are exposed. They were identified as left and right according to their 
topographical position. The right forefin is preserved more completely than the left one. The exposed 
portion of the right forefin measures 261 mm proximodistally and 142 mm anteroposteriorly. The distal 
margins of the distal-most phalanges are not exposed, indicating that the distal-most portion of the forefin 
continues into the matrix. Some phalanges are separate from each other leaving a gap area between them. 
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These areas either were filled by cartilage or connective tissue during the life of the animal (Johnson, 
1977). The forefin presents four main digits (digits II, III, IV and V, according to Motani, 1999), in 
addition to two preaxial and three postaxial digits. The longest exposed digit corresponds to digit IV with 
12 exposed phalanges. However, digit IV may not be the longest digit because the distal section of the 
fin is not preserved (fig. 40 A, B). 
Only a portion of the left forefin of TY61 is exposed. The phalanges are rectangular in shape but 
they lie separate from each other (fig. 40 C, D). The forefin shows eight digits, four of which correspond 
to digits II, III, IV and V, and four to additional pre-and postaxial digits. Due the impossibility in the 
identification of the anterior and posterior margins of this fin, the determination of the exactly amount of 
pre-and postaxial digits is not possible.
The distal portion of one of the forefins is exposed in TY11 (fig. 41 A–E). According to the 
topography of the complete skeleton, the exposed portion of forefin may correspond to the right one. The 
anterior and posterior margins of the forefin are not identified positively because the humerus as well as 
the radius/ulna complex, which are diagnostic for determination of the forefin orientation (Motani 1999), 
are not preserved. The forefin has rectangular and tightly packed phalanges. It has four main digits (digit 
II, III, IV, and V) and at least five additional digits that represent the pre-and postaxial digits. Because the 
anterior and posterior margins of the forefin are not clearly identified, the amount of the pre-and postaxial 
digits in this forefin remains unclear. The distal section of the forefin is exposed incompletely because the 
tiniest distal-most rounded phalanges seen in other specimens are not seen exposed in this specimen (see 
above). Therefore, this forefin may thus have been longer than the portion exposed. The exposed section 
measures 200 mm longitudinally and 157 mm transversally.
Elements of the autopodium of both forefins of CPAP0001 are exposed. In one of the forefins 
some elements are preserved in articulation, while the other one is completely disarticulated (fig. 42 
A–B). According to the left lateral orientation of the skeleton the articulated forefin likely corresponds to 
the right, the disarticulated one to the left. 
Only the proximal portion of a humerus is exposed (fig. 42 B) but the embedded portion of 
the humerus was reconstructed by using neutron radiography (fig. 42 C, D).  This method also allows 
for the reconstruction of the distal portion of the supposedly right forefin, which is not exposed. The 
radiographical image shows rectangular elements, which are tightly packed (fig. 42 E, F). 
The forefin posses nine digits, four of which correspond to the main digits (digits II, III, IV and 
V). The forefin has at least five pre-and postaxial digits. However, the anterior and posterior margins of 
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the forefin are not clearly recognized in this specimen, which makes the reconstruction of the precise 
location of pre-and postaxial digits impossible.
Humerus (TY56; TY61; CPAP-2011-0019; CPAP0001) – The humerus is proximodistally longer than 
its maximum anteroposterior width (ratio 0.5 to 0.9). Its distal margin is wider than its proximal one 
(ratio 0.9 to 1.8) (table 3). The humerus has three distal articular facets for articulation with the ulna, 
radius and the extrazeugopodial element. The facets of radius and ulna are about similar in extension 
and the facet for the extrazeugopodial element corresponds to the shortest one (table 3). The three distal 
articular facets are markedly concave. It is not possible to recognize humeral processes in any of the 
specimens because of the abrasion of the exposed bones. 
In TY61 the posterior margin of the shaft is deeply concave at mid-shaft while the anterior 
margin is only slightly concave. This marked difference between the anterior and posterior margin was 
likely produced by a late diagenetic compression of the skeleton. This compression only affected the 
humerus, while elements of the forefin are uncompressed. According to Johnson (1977), the presence of 
deeply concave distal articular facets in the humerus is indicative of a mature stage of the individual (see 
discussion). 
In TY56, the distal facet of the humerus for the articulation with the extrazeugopodial element is 
the shortest one and is almost imperceptible in the left humerus. The anterior and posterior margins of 
the right humerus are concave. The posterior margin of the left humerus is also concave, but its anterior 
margin is only concave distally but convex proximally. This morphology of the left humerus possibly is 
a result of late diagenetic deformation.
In CPAP0001 the humerus is likely exposed in ventro- or dorsolateral view. It is mostly embedded 
in matrix, but some anatomical information was retrieved with the neutron scanner. The bone is robust 
and short. It measures 180 mm proximodistally. Its proximal margin is 130 mm wide and the distal one 
is only 30 mm wider. This measure may result from the angle, in which the bone is seen in neutron 
radiography, or from heterogeneous late diagenetic compression. The distal section of the humerus 
has three articular facets. The shortest one is for articulation with an extrazeugopodial element. The 
following two facets are concave and accommodate radius and ulna, respectively (fig. 42 C–D). From the 
radiography image remains unclear whether or not radius and ulna lie in articulation with the humerus. It 
is also unclear whether this humerus belongs to the better-exposed right forefin, because some phalanges 
of the opposite forefin are overlapping its zeugopodium.
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Zeugopodium – The zeugopodium of the forefin consists of ulna, radius and the extrazeugopodial 
element (fig. 40 A, B).
Ulna (TY56; TY61; CPAP-2011-0019) – The ulna is roughly pentagonal in outline and is proximodistally 
longer and anteroposteriorly wider than the radius (ratio 1.3 to 1.6). Its proximal margin is convex for 
articulation with the concave distal facet of the humerus. Distally, two facets form an acute angle of 
about 80°. The anterodistal facet articulates with the intermedium and the posterodistal facet with the 
ulnare. The anterior margin of the ulna connects with the radius. The ulna articulates posterodistally with 
the pisiform, but this bone is only preserved exposed in TY61.
The ulna of TY56 is 29 mm in proximodistal length and 43 mm in anteroposterior width. The ulna is 1.5 
times wider than the radius, but in the left forefin the radius is slightly wider than the ulna (43 mm of 
radius vs. 40 mm of ulna, see table 3). 
Radius (TY56; TY61; CPAP-2011-0019) – The radius is pentagonal in outline. Its proximal margin of 
the shaft is convex for articulation with the distal concave facet of the humerus. The anterior margin of 
the radius articulates with the extrazeugopodial elements and the posterior one with the ulna. Distally the 
radius is divided in two subequal facets forming an obtuse angle of 165°. The anterodistal facet articulates 
with the radiale and the posterodistal with the intermedium. The radius is 1.4 times anteroposteriorly 
wider than it proximodistal high.
In TY56 the posterior margin of the right radius is not completely seen, because it is partially covered by 
an unidentified bone. For specific measurements see table 3.
Anterior extrazeugopodial element (TY56; TY61) – The bone is pentagonal in shape. It is proximodistally 
longer than anteroposteriorly. The proximal margin of the bone articulates with the anterior-most distal 
facet of the humerus. The posterior margin is divided in two facets; the larger one is orientated towards 
the radius and the shorter one towards the radiale. Radius and radiale of TY61 do not have a direct 
contact with the extrazeugopodial element. The gap between the bones was possibly filled with cartilage 
or connective tissue. The distal margin of the extrazeugopodial element articulates with the first preaxial 
phalanx of the first preaxial row. The anterior margin of the extrazeugopodial element is straight and no 
contact with any element is perceived. 
In TY61 the extrazeugopodial element is 22 mm in proximodistal length and 13 mm in 
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anteroposterior width. The extrazeugopodial element is pentagonal in TY56 but is extremely elongated 
proximodistally (for measurements see table 3) and contacts the radius and radiale with its anterior 
margin. The distal articulation of the anterior extrazeugopodial element is not clear in neither of the 
forefins of TY56, but it likely articulates with the first preaxial phalanx of the preaxial digit, as is seen in 
the forefin of TY61.
Basipodium – The autopodium of the fin is composed by radiale, intermedium, ulnare and pisiforme (fig. 
40 A, B).
Intermedium (TY56; TY61; CPAP-2011-0019) – The intermedium is hexagonal in outline with almost 
symmetrical margins. The proximal and distal margins are divided in two facets forming an obtuse 
angle of about 140°. The anteroproximal facet articulates with the radius, while the posteroproximal 
facet articulates with the ulna. Distally, its anterodistal facet articulates with the distal carpal three and 
its posterodistal facet with the distal carpal four. The anterior and posterior margins are the shortest and 
articulate with the radiale and ulnare, respectively.
The intermedium of TY61 is 29 mm in anteroposterior width and 23 mm in maximum proximodistal 
length. The articulation of the intermedium of TY56 with the radiale as well as distal articulations of the 
intermedium are not well exposed in the present forefin material. 
Radiale (TY56; TY61; CPAP-2011-0019) – The radiale is roughly rectangular in shape. Its 
posteroproximal margin articulates with the radius, while its anteroproximal margin is orientated towards 
the extrazeugopodial element. The distal margin of the radiale articulates with the distal carpal two. Its 
anterior margin articulates with the first phalanx of the first preaxial row and its posterior margin is 
orientated towards the distal carpal three and the intermedium. 
The radiale of TY61 is 24 mm in anteroposterior width and 15 mm in proximodistal length. The 
radiale of TY56 does not show a clear facet for articulation with the intermedium. The best-exposed 
radiale is seen in the left forefin of TY56. It is 14 mm long and 16 mm wide. 
Ulnare (TY56; TY61; CPAP-2011-0019) – The ulnare is roughly rectangular in shape. Its distal margin 
articulates with the metacarpal five. In the anterior margin the ulnare articulates with the intermedium and 
the distal carpal four, while in the posterior margin the ulnare contacts the distal margin of the pisiform. 
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The ulnare of TY61 is 24 mm in anteroposterior width and 22 mm in proximodistal length. The 
ulnare of TY56 is only partially exposed. Its proximal margin is convex and contacts the ulna. The distal 
margin is concave and likely connects with the proximal margin of metacarpal five, but an unidentified 
bone overlaps this element. The proximal convexity and distal concavity of the TY56 ulnare is interpreted 
to be produced by diagenesis (see preservation and taphonomy in the previous chapter). 
Pisiform (TY61; CPAP-2011-0019) – The size of the pisiform is not exactly known because its proximal 
and posterior margins are partly obscured or missing. Nevertheless, it is likely that the proximal extension 
of the pisiform articulates with ulna and ulnare at its anterior margin (fig. 40 B and fig. 62 in Annex 1). 
Distal carpals and metacarpals (TY56; TY61; CPAP-2011-0019; CPAP0001; TY11; TY15) – The distal 
carpals are pentagonal in shape and approximately equal in size. The proximal margin of distal carpals 
three and four articulates with the intermedium, while its distal margin articulates with metacarpal three 
and four, respectively. The anterior margin of distal carpal three articulates with the radiale and distal 
carpal two. From these, the facet for the articulation with the radiale is the shortest. The posterior margin 
of distal carpal four articulates with the ulnare and metacarpal five. The facet that articulates with the 
ulnare is the shortest. 
The metacarpals are roughly rectangular in shape. The proximal margins of metacarpal two, 
three and four articulate with distal carpal two, three and four, respectively. Metacarpal five is the only 
metacarpal that does not articulate with a distal carpal at its proximal margin; instead, it connects with 
the ulnare. The distal margin of each metacarpal articulates with the first distal phalanx of digits two, 
three, four and five. The remaining phalanges of the fin gradually become tiny and rounded towards its 
distal end. 
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Figure 39. Myobradypterygius hauthali. TY56. A, Left forefin. B, line drawing of A. C, The proximal 
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portion of the right forefin including the humerus. D, line drawing of C.
Figure 40. Myobradypterygius hauthali. TY61. A-B, Right forefin: A, Photograph taken in the outcrop. 
B, Interpretative line drawing. C-D, Left forefin: C, Photograph taken in the outcrop, D, Interpretative 
line drawing. 
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Figure 41. Myobradypterygius hauthali. TY11. A–D, The view of the exposed forefin portion. E, A line 
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drawing of the exposed portion. The dark grey indicates the pre-and postaxial phalangeal row. The light 
grey indicates the four main digits (digits II, III, IV and V).
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Figure 42. Myobradypterygius hauthali. CPAP0001. A, Left and right forefins. B, A line drawing with 
the outline of A. The disarticulated phalanges (grey-colored) likely belong to the left forefin while pink-
colored articulated phalanges belongs to the right forefin. Note that the proximal portion of humerus is 
exposed. C, The humerus is perceived in the neutron radiography. Note that this bone is not completely 
exposed in A and B. D, Line drawing of C indicating the concave distal articular facets for ulna, radius 
and anterior extrazeugopodial element. E, Neutron radiography of the right forefin. F, The radiography 
shows the outline of the phalanges which are in tight contact with each other.
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Element Height Length Width 
External naris
TY56 ? 32 (anteroposterior) 12 max. (dorsoventral)
Basioccipital
TY61 55 ? 55
TY12 45 ? ?47
TY38 14 ? 23
TY11 37 ? 42
TY56 ? ? ?
CPAP0002 13 ? 19
Supraoccipital
TY38 25 ? 37
TY11 34 ? ?52
Stapes
TY12 26 ? 16
TY61 50 ? 32
Opisthotic
CPAP0001 12 22 ?
Basisphenoid
TY38 40 22 ?
CPAP0002 ? 23 19
Pterygoid
CPAP0001 ? 88 26
TY38 (the better 
exposed) ? 54 14
*Atlas–axis complex
TY38 27 15 ?
TY11 40 25 ?
Coracoid
CPAP0001 ? 70 (medial margin); 50 (lateral margin) 72
TY61 36 (medial view) 65 (medial view) ?
Scapula
CPAP0001 ? 65 42
TY61 26 (medial view) ? 41 (medial view)
CPAP0002 ? 24 11
Femur
CPAP0002 ? 15 11 (proximal margin) 8 (distal margin)
Table 2. Measurements of selected elements of Myobradypterygius hauthali. The values are in millimeters 
and were made in the field using a plastic caliper. *Note that the bone is partially abraded and therefore 
the measurements may be not precise.
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Element TY61 Right 
forefin
TY56 Right 
forefin
TY56 Left 
forefin
CPAP-2011-
0019
?forefin
Humerus 
Maximum length 89 124 113 94
Maximum width 
71 (proximal 
section), 82 
(distal section)
76 (proximal 
section), 81 
(distal section)
42 approx. 
(proximal 
section), 78 
(distal section)
61 (proximal 
section), 56 
(distal section)
Distal facets
32 (ulnar facet), 
30 (radial facet), 
21 (anterior 
extrazeugopodial 
facet)
40 (ulnar facet), 
30 (radial facet), 
10 (anterior 
extrazeugopodial 
facet)
41 (ulnar facet), 
33 (radial facet), 
4 (anterior 
extrazeugopodial 
facet)
Radius
Maximum length 24 30 30 17
Maximum width 33 33 43 23
Ulna
Maximum length 29 ? 29 22
Maximum width 43 43 40 35
Anterior 
extrazeugopodial 
element 
Maximum length 22 34 30 ?
Maximum width 13 11 11 ?
Intermedium 
Maximum length 23 25 approx. ? 17
Maximum width 29 29 31 26
Radiale 
Maximum length 15 ? 14 approx. 13
Maximum width 24 ? 16 approx. 10
Ulnare 
Maximum length 22 ? ? 16
Maximum width 24 36 ? 26
Pisiform 
Maximum length ? ? ? 21
Maximum width ? ? ? 11
Table 3. Myobradypterygius hauthali. Measurements of selected elements of the most complete forefins 
of TY61, TY56 and CPAP-2011-0019. All measurements are in millimeters and were made using a 
plastic caliper. 
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Pelvic girdle – Portions of pelvic girdle bones are exposed in TY56. These bones have been recognized 
as belonging to the pelvic girdle according to their topographical location in the complete skeleton. The 
bones are majorly abraded in a way than an anatomical description is impossible. 
A femur is identified in CPAP0002. It is 15 mm long, 8 mm wide at its proximal margin and 
11 mm wide at its distal margin. Distally the femur possesses two concave facets for the articulation 
with the tibia and the fibula. A distal facet for the articulation with an extrazeugopodial element it is not 
seen. According to the size of the femur and the general length of the complete individual (0.94 m), this 
specimen corresponds to a neonate (see discussion) (fig. 43 A, B).
A partially exposed bone of TY38 was tentatively assigned to a femur in ventral view (according 
to its topographic exposition), of which the anterior margin is seen. The posterior section of the bone 
seems to have been lost, because a fragment of the consolidated sediment is missing at this level (fig. 43 
C, D). In the exposed section, the proximal portion of bone is 1.4 times wider than the distal one. The 
anterodistal face of this bone is concave and possibly represents one of the distal facets for articulation 
with a zeugopodial element. 
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Figure 43. Myobradypterygius hauthali. A-B, CPAP0002. A, Photograph of the femur. B, Line drawing 
indicating the distal articular facets for the articulation with radius and ulna. C-D, TY38. C, Portion of 
the likely anteroventral section of the femur. The orientation of the femur has been tentatively designed, 
according to the topographic orientation of the bone with respect to the skeleton. D, Line drawing of C, 
showing the fragmented portion at the right side of the femur. 
Embryo – An embryo of M. hauthali was identified in TY56, based on a 15 mm long section of 16 
articulated vertebrae in lateral exposure. This vertebral section likely corresponds to the caudal portion of 
the embryo, according to the dorsoventral reduction of the height of the vertebrae in posterior direction 
(fig. 44). No neural arches or spines are observed. The remainder of the skeleton of this embryo is 
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probably embedded in the sediment.
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Figure 44. Myobradypterygius hauthali. TY56. A, The black circle indicates the position of the remnants 
of an embryo. B-D, Vertebral column of the embryo. 
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4.2.2 Comparative Palaeontolgy 
 The similarities between the forefins of the Tyndall specimens with the holotype of ‘Platypterygius’ 
hauthali von Huene allow for an assignation to this species. The organization of the forefin elements, such 
as the diagnostic diamond-shape outline of the intermedium, coincide well with this taxon. The excellent 
preservation of the Tyndall specimens provide additional information of previously unknown cranial and 
postcranial features, which allow the reassignment to the genus Myobradypterygius von Huene 1927 (see 
below). The assignation of McGowan 1927 to Platypterygius was only based on the isolated humerus and 
fragments of the forefin. His assignation was based in the similar rectangular tightly packed phalanges 
observed in Platypterygius. Nevertheless recent discoveries allowed complementing the upper Jurassic 
and Cretaceous fossil record. For instance, the lower Cretaceous Sveltonectes insolitus (Fischer et al., 
2011) is also equipped with rectangular phalanges and the upper Jurassic Cryopterygius kristiansenae 
(Druckenmiller et al., 2012) shows rectangular distal phalanges. Phylogenetic and morphological analysis 
indicates that the genus Platypterygius is a polyphyletic taxon (Fischer et al., 2014), sharing several 
characteristics with other species and its diagnostic features at the state of the art of the ichthyosaurs 
research are confusing.
Myobradyoterygius hauthali shares with Platypterygius australis and Platypterygius hercynicus 
the presence of an U-shaped supraoccipital (Kear, 2005; Kolb and Sander, 2009; Fischer et al., 2012), 
but a U-shaped supraoccipital is also present in Ophthalmosaurus natans (Appleby, 1956). M. hauthali 
shares with Platypterygius spp. the tightly packed rectangular phalanges of the forefin (Broili, 1907; 
Wade, 1984; Fernández and Aguirre-Urreta, 2005; Kolb and Sander, 2009), which is also similar with 
the configuration detected in Sveltonectes insolitus (Fischer et al., 2011), as mentioned above (fig. 45). 
The presence of two preaxial digits has been suggested as a diagnostic feature of Platypterygius 
spp. (Fischer et al., 2011). Nevertheless a specimen of P. australis (QM F2453) preserved three preaxial 
digits (Zammit, 2010). Besides this, it is known that forefins of ichthyosaurs are highly variable 
intraspecifically in its digits and even in the number of distal facets of its humerus (Zammit, 2010; Pardo 
Pérez, 2012), but not in the shape of the intermedium, which remains intraspecifically constant (Kirton, 
1983; Motani, 1999; Arkhangelsky and Zverkov, 2014). 
M. hauthali shows more differences with Platypterygius spp. than similarities: (1) The 
eventual absence of teeth in the Tyndall specimens differs from Platypterygius australis (Kear, 2005), 
Platypterygius sachicarum (Páramo, 1997), Platypterygius bedengensis (Efimov, 1997), Platypterygius 
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kiprijanoffi (Kiprijanoff, 1881), Platypterygius campylodon (Carter, 1846; McGowan, 1972c; Buffetaut, 
1977) and Platypterygius hercynicus (Kolb and Sander, 2009), all of which retain their dentition. (2) 
The premaxilla of M. hauthali participates in the formation of the naris. In Platypterygius australis the 
premaxilla does not reach the margin of the naris (Kear, 2005). In addition, the posterior margin of the 
premaxilla is narrow in P. australis, differing from the one detected in M. hauthali, which is sturdier and 
dorsoventrally higher at its posterior margin than at anteriorly. (3) The lacrimal of M. hauthali is not 
clearly recognized in the present material (e.g., TY56), but likely does not form part of the naris, feature 
that contrasts with P. australis (Kear, 2005), P. sachicarum (Páramo, 1997), P. bedengensis (Efimov, 
1997), P. kiprijanoffi (Kiprijanoff, 1881) and P. hercynicus (Kolb and Sander, 2009). (4) The axis of the 
naris of M. hauthali is orientated transversely with respect to the rostrum axis with its wider and convex 
margin directed towards it anterior margin. It is unlike Platypterygius sachicarum where the axis of 
the naris is orientated transversely but its thinner margin orientates anteriorly (Páramo, 1997). These 
differences obtained from the individuals of the Tyndall locality justify its exclusion from the group and 
its reassignment to the genus Myobradypterygius von Huene 1927.
M. hauthali also differs from other ophthalmosaurid ichthyosaurs in the following features: (1) 
The opisthotic of M. hauthali is quadrangular in lateral view and differs with the lozenge-shape seen 
in lateral view in the opisthotic of Acamptonectes densus (Fischer et al., 2012). (2) The paroccipital 
process of the opisthotic of A. densus is elongated, slender and compressed with its long axis directed 
posterodorsally (Fischer et al., 2012) similar to O icenicus (Kirton, 1983) ⁠. In P. australis (Kear, 2005), 
M. periallus (Fernández, 1999) and S. seeleyi (Fischer et al., 2014a) the paroccipital process of the 
opisthotic is posterodorsally reduced and stout. All of them differ with the markedly posterodorsal 
projected paroccipital process of the opisthotic of M. hauthali and its stockiness (fig. 46). Despite studies 
of Kear and Zammit (2013) in P. australis, which suggests that the extension of the paroccipital process 
is a characteristic that varies during the ontogeny in individuals, the feature observed in the paroccipital 
process of the opisthotic of M. hauthali (i.e. posterodorsal markedly projected and dorsoventrally stout) 
has not been observed in any other ichthyosaur before. The opisthotic preserved in M. hauthali correspond 
to an individual recognized as a juvenile (see below). This means that if the maximum development of the 
paroccipital process of opisthotic in adults of P. australis finish with a process posterodorsally reduced and 
stout; the paroccipital process of opisthotic of adults of M. hauthali might be even more posterodorsally 
projected and dorsoventrally stout. (4) The ribs present furrows, which has previously been diagnosed 
for Thunnosauridae (Sander, 2000; McGowan and Motani, 2003; Fischer et al., 2013b). Nevertheless, the 
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furrows identified in the Tyndall material are not longitudinal, as seen in Sveltonectes insolitus (Fischer 
et al., 2011). The reduction of furrows in the ribs of M. hauthali initiates at about mid-shaft, as is seen 
in TY11, and not ventrally as described for S. insolitus. (5) A scapula elongated proximodistally, with a 
concave posterior margin and a less concave anterior margin, forming an hourglass-shape in dorsal or 
ventral view. The scapula of M. hauthali do not show a fan-shape at its proximal margin as is seen in 
Jurassic and Cretaceous ichthyosaurs: O. icenicus (Seeley, 1874); C. bonapartei (Maisch and Matzke, 
2000; Fernández, 1997); P. hercynicus (Kolb and Sander, 2009); S. insolitus (Fischer et al., 2011b); C. 
kristiansenae (Druckenmiller et al., 2012); A. densus (Fischer et al., 2012); S. seeleyi (Fischer et al., 
2014a) (fig. 47). Nevertheless it is also possible that this portion is still embedded in the sediment in the 
two specimens. The morphology of the scapula and also the coracoids as its are exposed is similar to the 
scapula of the upper Triassic Shonisaurus popularis (Camp, 1976, 1980; McGowan and Motani, 1999; 
Maisch and Matzke, 2000) in the short and stout scapula, the absence of fan-shaped proximal margin 
and the concave posterior and anterior margins (fig. 48). The coracoids of M. hauthali and S. popularis 
are similar in the laterally expanded, but shallower anterior notch, the convex anteromedial margin, 
the convexity formed at the anterolateral margin and concavity of the posterolateral margin forming a 
roughly S-shape in dorsal or ventral view, for the reception of the scapula and humerus. Nevertheless 
it is also possible that the coracoid is neither completely exposed and the similarity with S. popularis is 
only a coincidence, but if effectively it corresponds to an homoplasic feature shared with S. Popularis, 
that means that the evolutionary history of M. hauthali was more complex than presently expected and 
should be discussed in future research. Similar primitive anatomical features have been discovered in 
the Cretaceous Malawania anachronus (Fischer et al., 2013), which possesses a forefin that resembles 
that of the Late Triassic Macgowania or Early Jurassic Ichthyosaurus. (6) M. hauthali differ from other 
ichthyosaurs in having a forefin with more than 30 phalanges in the fifth digit. It is a fact that several 
incomplete forefins and hindfins of ichthyosaurs were described and that this material, especially the 
European, is taxonomically isolated. Nevertheless so far, M. hauthali is the Cretaceous ichthyosaur with 
the highest number of phalanges in the fifth digit reported. (7) A hexagonal intermedium in diamond-shape 
connecting distally with two elements (latipinnate condition) is also a unique feature of the Cretaceous 
M. hauthali (fig. 49). 
M. hauthali shares features with Platypterygiinae ichthyosaurs (Arkhangelsky, 2001 sensu 
Fischer et al., 2012) such as an extremely reduced extracondylar area in the basioccipital, a quadrangular 
U-shaped supraoccipital, and a large naris with rounded dorsal margin (Fischer et al., 2012; Fischer et 
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al., 2014b). M. hauthali differs from ophthalmosaurine ichthyosaurs which are characterized by a large 
extracondylar area of the basioccipital (sensu Fischer et al., 2012). 
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Figure 45. Comparative line drawing of different supraoccipitals of Platypterygiine ichthyosaurs. A, 
Platypterygius australis (modified from Kear, 2005) in posterior view. B, Ophthalmosaurus natans 
(modified from Appleby, 1956) in anterior view. C, Platypterygius hercynicus (modified from Kolb and 
Sander, 2009) in posterior view. D, Acamptonectes densus (modified from Fischer et al., 2012) in posterior 
view. E, Sisteronia seeleyi (modified from Fischer et al., 2014a) in posterior view. F, Myobradypterygius 
hauthali (this work; Specimen TY38) in (?) posterior view. Note the concave supraoccipital facet for 
articulation with the parietal in F. A–E, No scale.
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Figure 46. Comparative line drawing of different opisthotics of ophthalmosaurid ichthyosaurs. A, 
Myobradypterygius hauthali (this work; specimen CPAP0001) in posterolateral view. B, Acamptonectes 
densus (modified from Fischer et al., 2012) in posterolateral view. C, Platypterygius australis (modified 
from Kear, 2005) in dorsal view, rotated for interpretative purpose. D, Sisteronia seeleyi (modified from 
Fischer et al., 2014a) in posterior view. E, Mollesaurus periallus (modified from Fernández, 1999) in 
medial view. F, Ophthalmosaurus icenicus (modified from Andrews, 1910) in posterior view. Note the 
stout and the marked posterodorsal projection of the paroccipital process (ppe) in the opisthotic of M. 
hauthali. B-F No scale.
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Figure 47. Comparative line drawing of the scapulae of different ichthyosaurs. A, scapula of 
Platypterygius australis (Lower Cretaceous) in dorsal view, modified from Zammit et al., (2010). B, 
Acamptonectes densus (Lower Cretaceous) in ventral view, modified from Fischer et al., (2012). C, 
Caypullisaurus bonapartei (Upper Jurassic) in ?ventral view, modified from Maisch and Matzke, (2000). 
D, Cryopterygius kristiansenae (Upper Jurassic) in left lateral view, modified from Druckenmiller et al., 
(2012). E, Platypterygius hercynicus (Lower Cretaceous) in medial view, modified from Kolb and Sander, 
2009. F, Ophthalmosaurus icenicus (Upper Jurassic – Lower Cretaceous) in ?ventral view, modified 
from Seeley, (1874). G, Sisteronia seeleyi (Lower Cretaceous) in anterior view, modified from Fischer et 
al., 2014a. H, Sveltonectes insolitus (Lower Cretaceous) in lateroventral view, modified from Fischer et 
al., 2011b. I, Shonisaurus popularis (Upper Triassic) in ventral view, modified from Maisch and Matzke, 
2000. J, Shastasaurus neoscapularis (Upper Triassic) in ventral view, modified from McGowan, (1994). 
K, Myobradypterygius hauthali, specimen CPAP0001 in ?ventral view, this work. The scapula of C, E, 
F, G and I, have been reflected for demonstrative purposes.
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Figure 48. Pectoral girdle of Myobradypterygius hauthali and of the upper Triassic Shonisaurus popularis 
(Camp, 1976, 1980). A, Line drawing of the pectoral girdle of M. hauthali (specimen CPAP0001). The 
figure was rotated for interpretative purposes. Dotted lines indicate the likely embedded portion of 
coracoids. B, Line drawing of the pectoral girdle of S. popularis, modified from Maisch and Matzke, 
(2000). Elements are in ventral view. Note the concave posterior margin of scapulae. The anterior notch 
(atn) of the coracoid of M. hauthali is laterally expanded but shallower than its homolog in S. popularis. 
No scale.
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Figure 49. Comparative line drawing of Early to “middle” Cretaceous ophthalmosaurid ichthyosaur 
forefins: A, Platypterygius australis QM F3348 (modified from Zammit et al., 2010). B, Yasykovia 
kabanovi UPM no EP II-8 (1076) (modified from Efimov, 1999). C, Yasykovia sumini UPM no EP II-II 
(3M) (modified from Efimov, 1999). D, Platypterygius hercynicus (modified from Kolb and Sander, 2009). 
E, Platypterygius platydactylus (modified from Motani, 1999) F, Ophthalmosaurus icenicus (modified 
from Fernández, 2001). G, Acamptonectes densus GLAHM 132588 (modified from Fischer et al., 2012). 
H, ‘Platypterygius’ hauthali MLP 79-I-30-1 (holotype) and MLP 79-I-30-2 (modified from Fernández 
and Aguirre-Urreta, 2005). I, Caypullisaurus bonapartei MANC-N-32 (modified from Fernández, 
2002). J, Arthropterygius chrisorum CMN 40608 (modified from Maxwell, 2010). K, Platypterygius 
bedengensis UPM, no. 2/740 (modified from Efimov, 1997). l, Maiaspondylus lindoei UALVP 45635 
(modified from Maxwell and Caldwell, 2006b). M, Aegirosaurus leptospondylus (modified from Bardet 
and Fernández, 2000). N, Platypterygius ochevi ZIN PH 1/71 (modified from Arkhangelsky, 2008). O, 
Arthropterygius sp. MOZ 6145 (modified from Fernández and Maxwell, 2012). P, Sveltonectes insolitus 
IRSNBR269 (modified from Fischer et al., 2011b). Q, Cryopterygius kristiansenae, PMO 214.578 
(modified from Druckenmiller et al., 2012). R, Platypterygius sp. UALVP 45636 (modified from Maxwell 
and Caldwell, 2006a). S, Platypterygius sp. DMNH 11843 (modified from Adams and Fiorillo, 2010). 
T, Platypterygius cf. campylodon (modified from Kiprijanoff, 1881). U, Platypterygius americanus UW 
2421 (modified from McGowan 1972c). V, Brachypterygius extremus (modified Fernández, 2001). W, 
Myobradypterygius hauthali CPAP-2011-0019 (Pardo-Pérez., 2012 and this work. *In the publication 
of Pardo-Pérez, (2012) the specimen CPAP-2011-0019 was incorrectly described as Platypterygius sp.). 
X, Myobradypterygius hauthali TY56 (this work). Y, Myobradypterygius hauthali TY61 (this work). No 
scale. 
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4.2.3 Ontogenetic stages 
Specimens referred to M. hauthali found at the Tyndall site represent most ontogenetic stages 
(fig. 51). An investigation of the cranial elements of the juveniles and neonates reveals specifics features 
that only occur in early ontogenetic stages, such as the deeply concave floor of foramen magnum in the 
basioccipital.
An extensive study on the ontogenetic differentiation of ichthyosaurs was done by Johnson (1977), 
who differentiated diverging morphologies in forefins of Stenopterygius, associating them with the 
ontogenetic development. Morphological variation in cranial and postcranial elements was subsequently 
identified in other taxa and also related to ontogenetical development (Wade, 1984; Caldwell, 1997; 
Motani and You, 1998; Fernández et al., 2005; Kear, 2007; Maxwell and Kear, 2010; Fischer et al., 
2012; Kear and Zammit, 2013; Roberts et al., 2014). Roberts et al., (2014) suggested that the presence 
of ribs with two furrows might be characteristic of adult individuals. Nevertheless, as demonstrated here, 
a bicapitated head caused by a separation of capitulum and tuberculum produces double furrows at the 
anterior and posterior margins of ribs; because of its anatomical function, they are present in the thoracic 
section of individuals in all ontogenetic stages. 
The following characters are proposed for the differentiation of ontogenetic stages in M. hauthali. 
They are based in the outline of elements exposed combined with the size of the skeleton. Processes or 
bone textures were not considered given the polished nature of the Tyndall material. 
Adults – Specimens TY61, TY56 and TY12
1.- Total length is between 3 and a maximum of 4 m.
2.- Basioccipital is as wide as high (aspect ratio1:1) (see table 2). 
3.- The floor of the foramen magnum in the basioccipital is flat. 
4.- Distal articular facets of the humerus are deeply concave (Johnson, 1977)
6.- Total proximodistal length of the forefin is < 650 mm.
Subadults – Specimens TY11 and CPAP-2011-0019
1.- Total length is between 2 m and 3 m.
2.- Basioccipital rounded in shape being 1.14 times wider than high
3.- The floor of foramen magnum in the basioccipital is slightly concave 
4.- Concavity of the distal articular facets of the humerus is less pronounced in comparison with TY61, 
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TY56 and TY12.
6.- Total proximodistal length of the forefin is <450 mm. 
Juveniles – Specimens TY38 and CPAP0001
1.- Total length is between 1 m and > 2 m.
2.- Basioccipital is rounded in shape being 1.6 times wider than high
3.- Floor of the foramen magnum in the basioccipital is deeply concave 
4.- Skull bones and bones from the occiput are not fully ossified (Kirton, 1983; Fischer et al., 2012) 
Neonates – Specimen CPAP0002
1.- Total length ranges between 0.3 m and 1 m.
2.- Basioccipital is rounded in shape (aspect ratio 1:6)
3.- Floor of the foramen magnum in the basioccipital is deeply concave as in juvenile individuals
Embryos – Embryo found in TY56 
1.- Total length is 0.3 m or less.
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Figure 51. Comparative scheme of the total length documented in the different ontogenetical stages of 
M. hauthali. 
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4.2.4 Sexual dimorphism 
Little is known about sexual dimorphism in ichthyosaurs. McGowan, (1979) analyzed sexual 
dimorphism in the Jurassic ichthyosaur Eurhinosaurus huenei based on the ratio between prenarial and 
sclerotic as well as the total number of digits of primary digits in the forefin. 
Shang and Li, (2013) proposed a sexual differentiation in the Triassic Shastasaurus based in the 
size of the vertebral column and the tail in different individuals. According to the authors, the presacral 
vertebral column of females is longer with respect to the tail length, whereas tails of males are longer 
than the presacral vertebral column. A similar morphological differentiation is seen in modern reptiles 
and the longer vertebral column of females was interpreted to offer more capacity for the reception of 
eggs (Olsson and Madsen, 1998; Olsson et al., 2002).
There is at least one female individual of Myobradypterygius hauthali in the Tyndall locality, evidenced 
by pregnancy (TY56). The presacral vertebral column of this specimen is longer than the tail (2 m long 
vs. 350 mm approx. long). TY15 is the only additional specimen assigned to M. hauthali that preserves 
an exposed tail. Nevertheless, the presacral vertebral column and anterior portion of the tail are not 
completely exposed and a comparative ratio between the length of the presacral vertebral column and 
tail cannot be established. 
The shape of distal facets in the humerus of the female TY56 also differs from other specimens of 
M. hauthali of the Tyndall material. In the humerus of TY56, the anterior-most distal facet that articulates 
with an anterior extrazeugopodial element is extremely reduced, whereas the same facet in the right 
humerus of the adult individual TY61 is much longer (21 mm long). The right and left extrazeugopodial 
elements of TY56 are proximodistally more elongate than those of TY61. These differences in the distal 
articular facets of the humerus and the outline of the extrazeugopodial element may also relate to sexual 
dimorphism. Alternatively, they may well be due to intraspecific variation of the species. 
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4.2.5 Food and nutrition 
Numerous disarticulated but otherwise complete teleost fish vertebrae were detected in the 
abdominal cavity of TY56 (fig. 52). The remains suggest that the animal fed on fishes shortly prior 
to its death, but it is yet unknown whether fish was the preferred prey of M. hauthali. Fish vertebrae 
identified in the area of abdominal cavity of TY56 are isolated and majorly uncrushed, suggesting that 
the animal swallowed these small fishes without mastication. This feeding mechanism in M. hauthali 
may be explained by the absence of teeth.
Figure 52. Intestinal content of TY56. A, Teleost vertebrae in the abdominal cavity. B, Line drawing of 
some of the non-crushed fish vertebrae.
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Figure 53. Reconstruction of Myobradypterygius hauthali alive (sketch made by Nikolay Zverkov, 
2015).
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4.2.6 Annex 1
Figures with photographs and schematic line drawings of the specimens identified as 
Myobradypterygius hauthali from the Tyndall fossil locality Southernmost Chile.
Figure 54. TY61. A, Exposed portion of the articulated skeleton ‘in situ’. B, A line drawing of A, 
indicating the sections recognized.
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Figure 55. TY38. A, Skeleton exposed ‘in situ’. B, Interpretative line drawing of A.
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Figure 56. TY11. A, Specimen ‘in situ’. The strata containing the specimen was fragmented and abraded, 
which caused a lost of the thoracic portion of the skeleton. B, Interpretative line drawing of A. The 
obscured sections correspond to the abraded ones. The picture was rotated for interpretative purposes.
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Figure 57. CPAP0001. A, Specimen exposed ‘in situ’. B, A line drawing of A, indicating the portions 
recognized.
Chapter 4. Taxonomy                                                                                                                                  
165
Figure 58. TY56. A, Specimen exposed ‘in situ’. B, A line drawing of A indicating the sections 
recognized.
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Figure 59. TY12. A, Cranial and vertebral portion of the specimen ‘in situ’. B, A line drawing 
indicating the sections recognized in A.
Figure 60. TY15. A, Portion of the specimen exposed ‘in situ’. B, The photograph of A indicating the 
sections recognized.
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Figure 61. CPAP0002. A, specimen exposed ‘in situ’. B, A line drawing showing the sections recognized.
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Figure 62. CPAP-2011-0019. A, Isolated forefin. B, An interpretative line drawing of A.
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Suborder Thunnosauria Motani, 1999
Family Ophthalmosauridae Baur 1887
Genus Myobradypterygius von Huene, 1927
?Myobradypterygius hauthali 
Material.
TY24: A virtually complete but only partially exposed skeleton of 1 m total estimated length (0.68 
m-exposed length), preserving cranial and postcranial material (fig. 63).
Stratigraphic range: Valangianian – Hauterivian of Zapata Formation (Chile; 140–130 myr).
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Figure 63. ?Myobradypterygius hauthali. TY24. A, Skeletal material in finding position. The individual 
is exposed in right lateral view. B, ine drawing of A. The skull is disarticulated and the elements are 
exposed in ventral view.
4.3.1 Description
Cranium – The skull elements are partially exposed. TY24 shows mandibular and basicranial elements. 
The skull is disarticulated and seems to have been rotated 90° from its original location. This appears 
likely, because the rest of the articulated skeleton is exposed in right lateral view. Most elements are 
embedded. Bone sutures are not identified in the exposed sections due to abrasion by glacial action. 
However, some skull elements are recognized, despite incomplete exposure, such as the right and left 
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mandibular ramus, a jugal, a possible vomer, pterygoid, stapes and quadrate of the right side (fig. 64).
Jugal – The jugal is exposed disarticulated in TY24. The rod-like bone is 14 times longer than it is high 
with a concave medial margin. This shallow concavity continues until the anterior margin. The jugal 
preserves its posterior-most portion, which is dorsoventrally twice as high than it anterior margin. 
Pterygoid – The pterygoid is exposed in right lateral view. Its anterior margin is dorsoventrally short and 
it reduced outline continues further beyond its mid-shaft. Its posterior margin is dorsoventrally twice as 
high than its anterior margin and its dorsal margin as preserved is sigmoidal. 
The concave part of the dorsal margin of the pterygoid likely represents the surface for union with 
the parasphenoid and that of ventral margin with the basisphenoid. There are more bones associated to 
the pterygoid but they are difficult to identify. Two incomplete elongated and long bone fragments may 
represent parts of the vomer because to their contact with the posterior-most portion of the pterygoid. 
It must be noted, however, that this contact does not correspond to the original articulation between 
the vomer and pterygoid. The vomer is likely exposed in lateral view; its are dorsoventrally lower than 
its anteroposterior length. Incomplete exposure and abrasion of the material does not allow for further 
comparison. 
Quadrate –A quadrate in dorsal view is recognized in TY24. Its outline measures 24 mm along its 
proximal margin. The proximal margin is moderately concave while the distal margin shows the outline 
of a facet. This facet is 2.5 times higher at its anterior and posterior margins than it constricted middle 
part. However, the distal portion of the quadrate may have been modified from its original form by 
compression. The distal facet corresponds to the articulation with the articular of the mandible. 
The distal section of a partially exposed ?quadrate is exposed in TY24. The posterior margin of 
this bone is concave possibly due the bone is not completely exposed. The bone is located contacting the 
posterior-most portion of the pterygoid.
Stapes –The bone identified as a stapes is 30 mm long and 24 mm high and contacts with another 
unrecognized  bone. It is approximately 26 mm high at its proximal margin and gradually reduces in 
width to approximately mid-shaft, where it is 11 mm high. It distal margin is two times thinner than 
it proximal margin. However, the proximal margin of the stapes is not sufficiently exposed for a more 
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detailed description and the visible aspect of the bone remains unclear. 
Figure 64. ?Myobradypterygius hauthali. A, Exposed portion of the skull of TY24. B, line drawing 
indicating the elements recognized. The skull seems to be exposed ventrally and rotated by 90°. It is 
disarticulated and most of its elements are embedded. 
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Pectoral girdle – Most of the pectoral girdle is embedded but portions of clavicle and interclavicle 
are identified, although too poorly visible to be described. According to the topological location of the 
exposed sections, the pectoral girdle is preserved in its anatomical position (fig. 63). 
Vertebral column – 15 thoracic vertebrae are partially exposed in right lateral view in TY24. Starting the 
ninth vertebra the exposition is in right ventrolateral view. Amphicoely of the vertebrae is identified by 
their hour-glass-shaped sections (fig. 63).
The atlas and axis of TY24 is exposed. In TY24 atlas and axis are fused. The atlas is anteroposteriorly 3 
mm larger than the axis (atlas: 13 mm long; axis: 10 mm). The atlas is disarticulated from the occipital 
condyles and now lies adjacent to two unrecognized skull bones. 
The vertebrae of TY24 articulate with their respective neural arches, although none of the neural 
arches or neural spines are completely exposed. 
Ribs and gastralia – Eleven ribs from the left side of the thorax are partially exposed in TY24 as well 
as the dorsal portion of five ribs from the right side of the thorax. The later partially cover the neural 
arches and spines from this region of the skeleton. Ribs of the left side of the skeleton show exposed 
longitudinal furrows. Their articulation with the respective centra is not seen. 
Portions of nine gastralia are partially exposed. They are three times thinner than the ribs. The 
ventral contact of ribs with the gastralia is not exposed and the gastralia seems to be disarticulated and 
slightly displaced from its anatomical position (fig. 65). 
Figure 65. ?Myobradypterygius hauthali. A, Portion of exposed ribs and gastralia of TY24. B, Line 
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drawing of A, indicating the sections exposed.
Forefin – The left and a portion of the right forefin are exposed in TY24. Left and right forefin have 
been identified according to their topological orientation, considering that the postcranial portion of 
the skeleton is articulated and exposed in right lateral view. According to this, the left forefin is well 
articulated, while only a disarticulated humerus and dispersed phalanges are exposed from the right one. 
Humerus and zeugopodium of the left forefin are articulated. The metapodial elements are 
embedded and covered by phalanges of the right forefin. All other elements and phalanges of the forefin 
are hexagonal to rectangular in shape. The phalanges gradually reduce in size towards distally. The 
terminal phalanges are tiny rounded elements suggesting the end of the fin (Frey et al., 2014). The 
processes of the humerus are not seen and can therefore not be used to decide whether the fin is seen in 
dorsal or ventral view, as documented by other researchers (Motani, 1999; Fernández, 2001; McGowan 
and Motani, 2003). Nevertheless, according to the right lateral exposition of the TY24 skeleton, the left 
forefin is likely exposed in ventral view. Its anterior and posterior margins are identified here following 
this criteria and not according to the size of the zeugopodial elements (see discussion). The forefin 
preserves four digits in addition to at least two preaxial and one postaxial digit (fig. 66). The forefin has 
a total proximodistal length of 291 mm.
Humerus – Left and ?rigth humerus are identified according to their topographical position, following the 
criteria mentioned above. Both right and left humerus shows two slightly concave distal articular facets 
for the articulation with the radius and the ulna. The left humerus is 49 mm in proximodistal extension. 
Its distal and proximal margins measure 41 mm and 42 mm in anteroposterior width respectively. The 
right humerus is exposed from dorsolaterally. It is 50 mm in proximodistal extension and 31 mm at it 
proximal and distal margins.
The proximal surface of the humerus is nearly strait, which is interpreted here as a juvenile 
feature. In adults this surface is convex (Johnson, 1977). The radius and ulna are separated by a small 
interosseal foramen of 3 mm. Inside this foramen a portion of a phalangeal element of the opposite 
forefin is preserved. 
Ulna – The ulna of TY24 is roughly hexagonal in shape. Its proximal margin is covered by a disarticulated 
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phalanx from the right fin. Distally the ulna articulates with the ulnare in a straight facet. The anterodistal 
margin articulates with the intermedium and its anterior margin points towards the radius, but the two 
elements are unconnected. The posterior margin of the ulna articulates with another element, which is 
partially covered by sediment. This element likely corresponds to the pisiform of this forefin 
Radius – The proximal margin of the radius is convex and articulates with the concave distal facet of the 
humerus. Its posterior margin has two distal facets that form an obtuse angle of 94°. The posterior-most 
facet articulates with the intermedium and the anterior-most with the radiale. In TY24 the later is covered 
by elements of the right forefin. The anterior margin of the radius is also covered by a phalanx of the 
right forefin, and a connection with an anterior extrazeugopodial element cannot be identified positively. 
Intermedium – Only the proximal and posterior margins of the left intermedium are exposed. The rest 
is either covered by sediment or elements of the right forefin. The proximal margin has two facets that 
form an acute angle. The facet that is orientates towards the anterior margin articulates with the radius 
and the one orientating towards the posterior margin with the ulna. Its posterior margin articulates with 
the ulnare in a straight facet. 
 
Ulnare – The anterior margin of the ulnare is uncompletely exposed. Its proximal margin is straight 
and articulates with the ulna, while its posterior margin has two articular facets, a posteroproximal and 
a posterodistal one, which both articulate with postaxial elements. The ulnare articulates distally with 
a metacarpal element in a straight facet. The ulnare is almost as wide as long but the precise maximum 
width cannot be determined in the present material. 
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Figure 66. ?Myobradypterygius hauthali. TY24. A, Partially exposed forefin in finding position. B, 
Line drawing of A indicating the right humerus, the partially exposed left forefin and disarticulated 
phalanges from the right forefin. 
4.3.2 Remarks and discussion 
Following Johnson (1977), the specimen TY24 indicates an immature ontogenetic stage according 
to the flattened proximal articular surface of the humeri. This is corroborated by the faint articulation of 
the skull bones and the total estimated size of the skeleton (1 m; 0.68 m exposed length).
The longitudinal furrows of the external face of the ribs of TY24 appear to be continuous ventrally 
to their articulation with the gastralia. This morphology differs from ribs of M. hauthali where furrows 
decrease in width at about the mid-section and are completely absent in the ventral-most section of ribs. 
Nevertheless the ventral margin of the ribs of TY24 remains in the matrix and it is not possible to verify 
this assumption.
TY24 differs from M. hauthali in the absence of a third facet in the humerus for the articulation 
with an extrazeugopodial element. Nevertheless, in one specimen of M. hauthali (CPAP-2011-0001) the 
humerus only presents two distal articular facets, indicating a certain degree of intraspecific variability. 
This type of variability in the distal section of the humerus was also observed in P. australis (Zammit 
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et al., 2010), suggesting that the number of distal facets of the humerus may not represent a diagnostic 
feature on species level.
The humerus of a juvenile M. hauthali is proximodistally 1.4 times longer with respect to its 
maximum anteroposterior width while the one of TY24 is proximodistally only 1.2 times longer. Despite 
its incompleteness, the total proximodistal length of the forefin of TY24 reaches almost the same extension 
as seen in juveniles of M. hauthali (specimen CPAP0001): 291 mm in TY24 and 280 mm in CPAP0001. 
The distal articular facets of radius and the proximal articular facets of the intermedium form an 
acute angle as is seen in M. hauthali; nevertheless the distal facet of the ulna articulates with the ulnare 
in a horizontal facet, unlike M. hauthali in which the distal facet of the ulna articulates diagonally with 
the ulnare. However ulna and ulnare were displaced from its original position, which may have affected 
to its anatomical articulations.
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Suborder Thunnosauria Motani, 1999
Family Ophthalmosauridae Baur 1887
Ophthalmosauridae indet. 1
Material.
TY17: A partially exposed complete and articulated skeleton of 4 m total estimated length, preserving 
postcranial bones (fig. 67)
TY05: A partially exposed complete and articulated skeleton of 5 m total estimated length, preserving 
postcranial bones (fig. 68)
Stratigraphic range: Valangianian – Hauterivian of Zapata Formation (Chile; 140–130 myr).
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Figure 67. Ophthalmosauridae indet. 1. TY17. A, Dorsal and caudal portion of the skeleton exposed in 
situ in left lateral view. B, Line drawing of A.
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Figure 68. Ophthalmosauridae indet. 1. TY05. A, Dorsal and caudal portion of the skeleton exposed in 
situ in left lateral view. B, Line drawing of A.
4.4.1 Description.
Proportions – Proportions cannot be precisely calculated because the skull and part of the postcranial 
skeleton are embedded in the sediment. Nevertheless, the caudal half of the skeletons of TY17 and TY05 
are exposed. According to measurements of the most complete elements of the vertebral column and hind 
fin of the two specimens (see below), TY05 is at least 1 m larger than TY17, whose length is estimated 
to 4 m. 
Postcranium – The postcranium is represented by the vertebral column, ribs and gastralia, pelvic girdle, 
and left and right hind fins.
Vertebral column – The vertebral column is exposed in left lateral view. The vertebrae are exposed in 
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lateral view (right lateral in TY17 and left lateral in TY05). They are half abraded and show the amphicoely 
typical for ichthyosaurs. Their total height can only be measured in the best-exposed vertebrae, but 
the maximum width of these vertebrae cannot be measured due the abrasion of surfaces. Articulated 
vertebrae from the thoracic and caudal sections are exposed. Following McGowan and Motani (2003), 
the transition from the thoracic to the caudal sections of the individual are corroborated by the position 
of pelvic elements (figs. 67 and 68). In TY17 the maximum height of dorsal vertebrae is 75 mm in the 
fifth to eighth exposed centra. Sizes gradually decrease to a height of 73 mm in the dorsal vertebrae, 
corresponding to approximately the 26th exposed centrum.
The preflexural and postflexural caudal vertebrae are exposed in TY05 (fig. 69). The preflexural 
section exposes 29 vertebrae. 31 vertebrae of the tail are exposed partially articulated in the postflexural 
section. The tail bend is embedded but the preflexural and postflexural vertebrae are exposed, therefore 
is possible to calculate the tail bend angle, which is of 130° approximately. The tail vertebrae are as high 
as they are long. Four of them bear chevrons at their anterior and posterior ventral margins. The best-
exposed preflexural caudal vertebrae are 80 mm in height in the 20th and 50 mm in height in the 36th 
exposed centrum. 
The total length and height of the neural arches and spines cannot be measured because they are 
partially embedded in the sediment (fig. 70). Neural arches and spines are fused according to the exposed 
portions and are preserved articulated to their respective dorsal vertebrae. Five last dorsal vertebrae 
shows only the neural arches exposed, the neural spines are embedded. The best exposed neural arches 
and spines from the vertebral column of TY17 reach a maximum height of 70 mm, which is almost 
nearly the same height as corresponding centra (75 mm). The anterior and posterior zygapophyses cannot 
be clearly recognized in the exposed portions.
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Figure 69. Ophthalmosauridae indet. 1. TY05. A, Caudal portion of the skeleton, exposed in left lateral 
view. B, Line drawing of A. Note that the apical section is embedded in the sediment. C, Partially 
articulated postflexural vertebrae of the caudal section. D, Line drawing of C showing the chevrons 
identified in three vertebrae. 
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Figure 70. Ophthalmosauridae indet. 1. TY17. A, Portion of thorax in left lateral view with partially 
exposed neural arches, neural spines and gastralia ‘in situ’. B, Line drawing of A. 
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Ribs and gastralia – The best-exposed ribs correspond to the thorax of TY17. According to the exposition 
of the skeleton in the sediment, these thoracic ribs belong to the right side of the skeleton. Each exposed 
rib articulates with its respective centrum. The capitulum and tuberculum are not seen in the present 
material because vertebrae cover them. The ribs possess a wide furrow in the internal and external lateral 
face of their dorsal margin. The width of these furrows decreases towards the ventral margin and they are 
completely absent towards the ventral-most exposed portion of the ribs. 
The gastralia are half as thick as the ribs. They are located at the ventral-most portion of ribs. The 
articulation of gastralia with ribs is ‘Y–shaped’ in lateral view (fig. 71). Each gastrale articulates in two 
points with the distal-most margins of the exposed ribs. 
Figure 71. TY17. A, Ventral contact of the ribs with the gastralia. B, A line drawing showing their 
exposed outline. The black arrow indicates the ‘Y’-shape formed between the gastralia and the ventral 
margin of ribs.
Pelvic girdle –Elements of the pelvic girdle are exposed and were identified in TY17 and TY05. 
Ilium – The ilium is an elongate slender bone. It is 100 mm long in TY17 and 20 mm wide at its proximal 
and distal margins. The ilium is located horizontal to the exposed hind fins, close to the proximal portion 
of the left femur. According to its topographical location the ilium is likely exposed in lateral view. Its 
proximal and distal margins are not completely exposed but appear to be convex (fig. 67). Ilium and the 
left femur are separated by a sediment-filled gap of 16 mm. 
Portions of the left and right ilium are recognized in TY05. The complete distal and proximal sections are 
Chapter 4. Taxonomy                                                                                                                                  
185
not exposed and it is therefore not possible to determine its shape nor orientation. 
Ischiopubis – Both ischiopubic bones are partially exposed in TY05. In this individual, the proximal section 
of the right ischiopubis is 30 mm in maximum anteroposterior width. A deep but short anteroposteriorly 
orientated concavity is identified in its posteroproximal section, which may represent the acetabular part 
of the ischiopubis. The mid-shaft of the right ischiopubis is still embedded, but its distal and proximal 
margins are exposed. The distal margin is anteroposteriorly half as thick as the proximal portion; the 
reconstruction of the complete bone resembles a rod in shape (fig. 72). It is not possible to determine 
whether the distal section is flat and plate-like as has been seen in other ichthyosaurs (Fischer et al., 
2011b; Maxwell and Druckenmiller, 2011), because the bone is not seen in three dimensions. A deep 
but anteroposteriorly short concavity is seen in the anteroproximal section, which corresponds to the 
same concavity seen in the right ischiopubis, likely the facet for the articulation with the left ilium. The 
area with the obturator foramen is not exposed. Because neither the left nor the right ischiumpubis are 
completely exposed it is not possible to decide with certainty, which side of the bones is seen.
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Figure 72. Ophthalmosauridae indet 1. TY05. A, Pelvic girdle portion exposed ‘in situ’. B, A line 
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drawing of A. 
Element TY17 TY05
Ilium
Length 100 ?
Width 20 ?
Ischiopubis
Length ? 72
Width ?
30 (proximal section); 
15 (distal section)
Table 4. Ophthalmosauridae indet. 1. Measurements of exposed pelvic elements of TY17 and TY05. The 
measurements are in millimeters and were made using a plastic caliper. 
Hind fin – The hind fins are short proximodistally and anteroposteriorly robust in both left and right 
hind fins. Small rounded distal phalanges are seen in the distal-most portion of the hind fins of TY17 and 
TY05, suggesting that the hind fins are almost complete. 
Trochanters in the humerus and femur are considered to be diagnostic characters for the 
differentiation of dorsal and ventral sections of ichthyosaurian fins (Andrews, 1910; Kirton, 1983; 
Fernández, 2001; McGowan and Motani, 2003; Maxwell et al., 2012b). However, due to the polished 
bone sections, the processes of femora are not preserved in TY17 and TY05. In consequence, the anterior 
and posterior margins of the hind fin and subsequently, their dorsal and ventral orientation were identified, 
according to the topographical exposition of the skeleton in the sediment.
According to this, the right lateral exposition of TY17 indicates that the right hind fin is likely 
exposed in ventral view. Nevertheless the left hind fin has rotated on its axis post mortem, being now 
exposed in ventral view. 
The left lateral exposition of TY05 indicates that the right hind fin is exposed in dorsal view and 
that the left femur is exposed in ventral aspect. 
 The anterior and posterior margins of the hind fin have been identified following the criteria of 
McGowan and Motani (2003) for Ichthyosaurus and Maxwell et al., (2012b) method for orientation 
of femur. According to McGowan and Motani (2003), the astragalus of hind fins of TY17 and TY05 
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articulates with the tibia, fibula, distal tarsal two, calcaneum, distal tarsal three and metatarsal two (fig. 
73). Following Maxwell et al., (2012b) the anterior surface of the femur is concave at its proximal margin 
(as in Ichthyosaurus) and the posterior margin is convex all along its length. Nevertheless an alternative 
interpretation of the anterior and posterior margins of TY17 is presented in the figure 74 B. The validity 
of this last interpretation is discussed below. The following descriptions of the hind fin elements are based 
following the criteria of McGowan and Motani, (2003) for Ichthyosaurs and Maxwell et al., (2012b) for 
Ophthalmosaurus (fig. 73). 
The hind fins preserve digits II, III and IV. A postaxial and up to three preaxial digits characterize 
the hind fin. The carpal elements are polygonal and the digital phalanges are rectangular in shape. The 
preaxial digits of TY17 are separated from the hind fin and are slightly displaced in posterior direction, 
probably resulting from the post mortem rotation of the hind fin.
Two morphotypes are identified in the hind fins of TY17 and TY05, according to differences 
recognized in the morphology of some elements:
Morphotype 1: (1) A femur with two distal articular facets for the articulation with the fibula and tibia. 
(2) A tibia with an acute angle of 48° at its distal margin, articulating with the astragalus and distal tarsal 
two. (3) The facets for the articulation with the astragalus and distal tarsal two are of almost the same 
length. (4) The proximal contact of the astragalus is 1.5 times larger in the facet for the articulation with 
the tibia than the fibial facet. (5) The postaxial phalanges are proximodistally elongated and the preaxial 
phalanges are sub-circular in horizontal section. These features are seen in the hind fin of TY17
Morphotype 2: (1) A femur with two distal articular facets for the fibula and tibia. (2) A tibia with 
a distal articular facet forming an obtuse angle of 132° for the articulation with the distal tarsal two and 
the astragalus. (3) From these two distal facets, the facet for the articulation with the distal tarsal two is 
2.4 times larger than the one for the astragalus. (4) The proximal contact of the astragalus is 1.8 times 
larger in the facet for the articulation with the fibula than the facet for the tibia. (5) The elements of the 
pre-and postaxial digits are quadrangular in horizontal section. This morphotype is recognized in the 
hind fin of TY05.
Femur – The femur is proximodistally 1.4 times longer than it is anteroposterioly wide in both left and 
right hind fins (for measurements see table 5). 
The right and left femora are anteroposteriorly 1.7 and 1.4 times respectively wider at the distal section 
than the proximal one. The length and shape of each distal facet is not completely clear in TY17, because 
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the left femur is orientated slightly dorsolaterally. Nevertheless, the distal portion of the right femur of 
TY17 is better exposed than its equivalent on the left femur of TY05. According to this, the distal facet 
for the articulation with the fibula and the tibia are markedly concave and the tibial facet is slightly longer 
anteroposteriorly than the fibial facet (table 5). 
Zeugopodium – Fibula and tibia are exposed in the right hind fin of TY05 and TY17. The extrazeugopodial 
element is exposed in the right hind fin of TY05 and partially exposed in the left hind fin of TY17.
Fibula – The left fibula of TY17 is the best exposed. The anteroposterior width of the left fibula of 
TY17 is sub-equal to its proximodistal length (table 5). The fibula has five straight articular facets, with 
exception of the proximal one for the articulation with the humerus, which is convex in the right fibula. 
Proximally the fibula articulates with the humerus, anteriorly with the tibia. Distally, two facets articulate 
with the calcaneum and the astragalus. The facet for the articulation with the calcaneum is the longest. 
At the posterodistal margin, the fibula articulates with a pisiform bone (fig. 73 D).
The right fibula of TY17 appears to be plastically deformed because its distal and anterior margins 
are rounded and not straight as the ones seen in the left fibula. Alternatively, this feature may also be 
related to intraspecific variation (see discussion).
Tibia – The tibia is anteroposteriorly slightly wider than the fibula, but it proximodistal length remains 
relatively equal (see table 5). Two morphotypes are distinguished in the tibia: (1) A tibia pentagonal in 
shape with the distal facets for the articulation with distal tarsal two and astragalus forming an acute 
angle of 48°. The tibia is anteroposteriorly 1.5 times wider than its proximodistal length. This type of 
tibia is seen in TY17. (2) A tibia pentagonal in shape with the distal facets for the articulation with distal 
tarsal two and astragalus forming an obtuse angle of 132°. The tibia is anteroposteriorly 1.7 times wider 
than its proximodistal extension. This type of tibia is seen in TY05 (fig. 73 B). 
Anterior extrazeugopodial element – The extrazeugopodial element is only exposed in the right hind fin 
of TY05 and partially exposed in the left hind fin of TY17. It is elongated proximodistally (10 mm long 
and 6 mm wide). It articulates with the tibia at the posteroproximal margin, with the first preaxial phalanx 
at its distal margin and with the distal tarsal two at the posterior margin. The extrazeugopodial element 
does not articulate with the femur at its proximal margin (fig. 73). 
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Autopodium – The autopodium is articulated with the calcaneum, distal tarsal two, astragalus, distal 
tarsals, exposed metatarsal elements and pisiform.
Calcaneum – The calcaneum is rectangular in shape and articulates at its proximal margin with the 
fibula. Distally the calcaneum articulates with the distal tarsal four and at the anterior margin with the 
astragalus. A short facet in the anteroproximal margin is directed towards the pisiform, nevertheless 
do not articulate with this element. With its posterior margin, the calcaneum articulates with the first 
postaxial phalanx. In TY05 the proximal articulation of the calcaneum is covered by sediment (fig. 73).
Distal tarsal two – The distal tarsal two (dt2) is rectangular in shape. With its proximal margin it articulates 
with the tibia, with the astragalus at the posterior margin, and it distally articulates with metatarsal two. 
At the anterior margin, the distal tarsal two articulates with the distal section of the extrazeugopodial 
element (fig. 73). 
Astragalus – The astragalus is hexagonal in shape. At its proximal margin, an obtuse angle articulates 
with the tibia and fibula. Distally the astragalus articulates in a straight facet with the distal tarsal three. 
At the posterior margin a straight facet articulates with the calcaneum. In the anterior margin two short 
facets articulate with two elements: anteroproximally with the distal tarsal two and anterodistally with 
the metatarsal two (fig. 73). 
Metatarsals – The metatarsals all lie in full articulation. They are rectangular in shape with their 
anteroposterior margins wider than their proximodistal length. In addition to their rectangular morphology, 
in both TY17 as in TY05, the elements of the IIIrd and IVth digits present five articular facets (fig. 73). 
Pisiform – A pisiform is preserved exposed in the left hind fin of TY17. It is elongated proximodistally 
(16 mm long and 9 mm wide) and its posterior margin is slightly concave. It articulates with the fibula 
at the anteroproximal margin and with the first postaxial phalanx at its distal margin. A contact with the 
calcaneum is not clearly seen. The pisiform does not articulate with the femur at its proximal margin or 
at least this contact is not seen in the exposed hind fin (fig. 73 D). 
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Figure 73. Ophthalmosauridae indet. 1. A, Photograph of the right hind fin, left femur and ischiopubis 
of TY05. B, Line drawing of A indicating the elements identified. C, Right and left hind fins of TY17 in 
finding position. D, Line drawing of C.
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Element TY17 Right 
hind fin
TY17 Left 
hind fin 
TY05 Right 
hind fin 
TY05 Left 
hind fin 
Femur
Maximum length 59 68 58 55
Maximum width
25 (proximal 
section), 42 
(distal section)
27 (proximal 
section), 
37 (distal 
section)
32 (proximal 
section), 
30 (distal 
section)
37 (proximal 
section), 
19 (distal 
section)
Distal facets
20 (fibular 
facet); 19 (tibial 
facet); 
*
20 (fibular 
facet); 11 
(tibial facet)
?
Fibula  
Maximum length 19 22 11 ?
Maximum width 22 25 ? ?
Tibia
Maximum length 19 18 12 ?
Maximum width 28 ? 21 ?
Anterior 
extrazeugopodial 
element
Maximum length ? 16 10 ?
Maximum width ? ? 6 ?
Astragalus
Maximum length 15 18 12 ?
Maximum width 20 20 ? ?
Calcaneum
Maximum length ? 15 (posterior margin) 7 ?
Maximum width ? 18 18 ?
Distal carpal two
Maximum length 21 18 13 ?
Maximum width 24 21 ? ?
Pisiform
Maximum length ? 16 ? ?
Maximum width ? 9 (distal margin) ? ?
Table 5. Ophthalmosauridae indet. 1. Measurements of selected elements of the right and left hind fin of 
TY17 and TY05. All measurements are in millimeters and were made with a plastic caliper. The maximum 
length is related with its proximodistal length and the maximum width is related to its anteroposterior 
width. *The distal facets of the left femur were not clearly differentiated because the femur is embedded 
dorsolaterally.
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4.4.2 Remarks and discussion
All dimensions of the exposed portions of specimens TY17 and TY05 are similar. Nevertheless, 
the postflexural vertebrae of the tail of TY17 are not exposed and could therefore not be compared with 
those of TY05. According to the height of the best-exposed caudal vertebrae of TY05 (80 mm to 50 mm 
in height) and the height of the best-exposed dorsal vertebrae of TY17 (75 mm to 73 mm in height), the 
caudal vertebrae of TY05 are possibly twice as high as those of TY17. This variation in the size indicates 
that specimen TY05 could have grown larger than TY17. However, the elements of the exposed hind fin 
of TY05 are slightly smaller in length and width than those of the left and right hind fins of TY17, which 
suggest a morphotype specific character (see table 5). This latter assumption is supported by the size and 
the type of articulation of the tibia and astragalus of TY17 and TY05, which classify them as two distinct 
morphotypes. These differences observed in TY17 and TY05, may be the result of different ontogenetic 
stages, or sexual dimorphism as is seen in the pectoral fins of Orcinus orca (Clark and Odell, 1999). 
However, more information is needed to support these assumptions.
The recognition of the different sections of the femur is problematic especially when dorsal or 
ventral trochanters are missing. Most studies are based on the identification in the humerus but not for 
the femur. Maxwell et al. (2012b) proposed a method for orientation of the femur based on previous 
studies by Andrews (1910), Kirton (1983) and McGowan and Motani, (2003). However, in the study of 
Maxwell et al. (2012b) articulated zeugopodia and autopodia are not compared. In the Tyndall hind fins 
discussed here, the processes of the femora are polished and thus nothing can be said on the orientation of 
the bone. Nevertheless, articulation of the TY17 and TY05 hind fins allows for comparison of the outline 
of femora and the hind fin elements. In consequence the criteria used by McGowan and Motani, (2003) 
for Ichthyosaurs and Maxwell et al., (2012b) for Ophthalmosaurus for the recognition of anterior and 
posterior margins in femur was applied here, while the methodology of Motani, (1999) for recognition 
of the primary axis of forefins was also applied. According to this and to the articulated hind fin, the 
astragalus articulates distally with the distal tarsal three and anterodistally with the metatarsal two and 
not with the distal tarsal four and distal tarsal three. 
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Figure 74. Ophthalmosauridae indet. 1. TY17. Alternative models of the anterior and posterior margins 
of the hind fin. Model A (left) is based on Maxwell et al., (2012b) for the orientation of the femur and 
here regarded as more confident and thus was applied in this description. The orientation in the hind fin 
of the model B (right) was described in Pardo Pérez et al. (2015) (in press) and is here considered as 
invalid.
4.4.3 Comparison with other ophthalmosaurids
Dorsoventrally elongated neural spines exposed in the skeletal portions of TY17 and TY05 
distinguish these specimens from Myobradypterygius hauthali where these bones are polygonal (see 
above). TY05 differs from Acamptonectes densus and also from Sveltonectes insolitus (Fischer etl., 
2011b) in the presence of chevrons in the postflexural centra. 
Ribs grooved only dorsally have also been described from Myobradypterygius hauthali (see 
the first part of this chapter), Platypterygius americanus (Maxwell and Kear, 2010) and Sveltonectes 
insolitus (Fischer et al., 2011b). 
A proximodistally elongated rod-shaped ilium is described in Ophthalmosaurus icenicus and 
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Aegirosaurus leptospondylus (Andrews, 1910; Bardet and Fernandez, 2000). Even though, the ilium of 
TY17 is straight in its median axis and not curved, as seen in O. icenicus and A. leptospondylus, and it 
also differs from the ilium of Cryopterygius kristiansenae (Druckenmiller et al., 2012), which is wider 
anteroposteriorly in its distal margin. A preserved ilium of a specimen assigned as Ophthalmosauridae 
indet. (specimen TMP 92.41.01, Maxwell and Druckenmiller, 2011) is more robust at its distal margin 
than the proximal one and is slight posteriorly convex. The ilium of Athabascasaurus bitumineus 
(Druckenmiller and Maxwell, 2010) presents a marked curvature along its median axis (fig. 75). 
Figure 75. Comparative line drawings of different ilia of ophthamosaurid ichthyosaurs. A, ilium of 
TY17. B, Ophthalmosaurus icenicus. C, Ophthalmosauridae indet. (specimen TMP 92.41.01). D, 
Athabascasaurus bituminous (B–D, from Maxwell and Druckenmiller, 2011). E, Cryopterygius 
kristiansenae (from Druckenmiller et al., 2012). A–E, in left lateral view. F, Aegirosaurus leptospondylus 
(from Bardet and Fernández, 2000. Anatomical view information of the bone was not provided by the 
authors). Not scale. 
An ischiopubis without obturator foramen is characteristic of derived ophthalmosaurids such 
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as Sveltonectes insolitus (Fischer et al., 2011b), Aegirosaurus leptospondylus (Bardet and Fernandez, 
2000), Caypullisaurus bonapartei (Fernández, 1997) and Platypterygius australis (Zammit et al., 2010). 
The ischiopubis of S. insolitus is rod-like with slightly expanded proximal and distal extremities (Fischer 
et al., 2011b), while in P. australis, it is broader at the distal margin than at the proximal one (Zammit et 
al., 2010) (fig. 76). 
Figure 76. Comparative line drawings of the ischiopubis of TY05 (A) with other ophthalmosaurid 
ichthyosaurs: B, Sveltonectes insolitus in ?left lateral view (from Fischer et al., 2011). C, Platypterygius 
australis in internal or medial view (modified from Zammit et al., 2010). D, Ophthalmosaurus icenicus. 
E, Ophthalmosauridae indet. (specimen TMP 92.41.01). F, Athabascasaurus bituminous (D–F, from 
Maxwell and Druckenmiller, 2011). G, Cryopterygius kristiansenae (modified from Druckenmiller et al., 
2012). D–G, in left lateral view. Not scale.
 The presence of pre-and postaxial digits was identified in the hind fins of P. australis (Zammit 
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et al., 2010) and Sveltonectes insolitus (Fischer et al., 2011b). Aegirosaurus leptospondylus (Bardet and 
Fernandez, 2000) preserves a postaxial digit. Preaxial digits have not been reported for Caypullisaurus 
bonapartei (Fernández, 2007), but this taxon shows two postaxial digits with rounded phalangeal 
elements. 
The presence of two distal facets for articulation in the femur has been observed in the hind fins of 
A. leptospondylus (Bardet and Fernández, 2000); S. insolitus (Fischer et al., 2011b) and C. kristiansenae 
(Druckenmiller et al., 2012).
The tibia and fibula of TY17 are pentagonal in shape and the anterior extrazeugopodial element 
and the pisiform are elongated proximodistally. In TY17 the tibia is slightly wider than the  fibula. In 
P. australis the tibia and anterior extrazeugopodial element are pentagonal in shape, while the fibula 
is almost hexagonal. Both tibia and fibula are approximately equal in size (Zammit et al., 2010). In 
Sveltonectes insolitus tibia and fibula are of almost the same size and the anterior extrazeugopodial 
element do not contact with the femur (Fischer et al., 2011b) as in TY05 and TY17. The tibia of 
Aegirosaurus leptospondylus is pentagonal, while the fibula is rectangular with a posterior notch (Bardet 
and Fernandez, 2000). Tibia and fibula are polygonal in Cryopterygius kristiansenae (Druckenmiller 
et al., 2012) and the fibula is slightly smaller than the tibia. The tibia of Caypullisaurus bonapartei is 
smaller than the fibula, unlike to the situation observed in TY17.
The astragalus of P. australis is pentagonal or hexagonal in shape and the proximal articular 
facets with the tibia is larger than that with the fibula, as is seen in TY17. This latter situation is also 
seen in the astragalus of C. kristiansenae, S. insolitus and A. leptospondylus where the astragalus is 
pentagonal in shape. The astragalus of C. bonapartei is not described in Fernández (1997, 2007), but 
seems to be irregular in shape. 
Among ophthalmosaurid ichthyosaurs described to date, the hind fins of TY17 and TY05 share 
most features with the hind fin of Sveltonectes insolitus (Fischer et al., 2011b) such as: (1) the presence 
of an extrazeugopodial element and a pisiform in the zeugopodium not articulating with the femur. (2) 
Among the two distal facets of the fibula, articulation with the astragalus is the shortest, which is seen in 
TY17. (3) The astragalus articulates with six elements: tibia, fibula, calcaneum, distal tarsal two, distal 
tarsal three and metatarsal two. Nevertheless they differ in the arrangement of the articulations. In TY17 
and TY05 the astragalus articulates at the anterior margin with the distal tarsal two and metatarsal two. 
In Sveltonectes the astragalus articulates at the anterior margin only with the distal tarsal two and at the 
posterior margin with the calcaneum and distal tarsal four. TY05 and TY17 also differ in the presence of 
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two additional preaxial rows in their hind fins
The intermedium of the forefin of Cryopterygius kristiansenae shows the same structure and 
organization of elements as seen in the astragalus of the hind fins of TY17 and TY05, but the shape of 
zeugo- and metapodial elements is different (fig. 77 F). In the hind fin of C. kristiansenae, Druckenmiller 
et al., (2012) is described only the tibia and fibula, while all other elements were described as proximal 
tarsals. The photograph of the hind fin in this article (Druckenmiller et al., 2012: 324, fig. 10) is not 
completely clear because the elements were painted; it is nevertheless likely that two elements were 
painted together and that one element described as distal tarsal corresponds to the astragalus. An 
alternative interpretation of this hind fin shows a similarity with Sveltonectes in the articulation of the 
astragalus with the calcaneum and distal tarsal four (fig. 77 G). 
The forefin of M. hauthali has an intermedium with a hexagonal to ‘diamond’-shaped outline 
and distally articulates with the distal carpals three and four. At its posterior margin the intermedium 
articulates with only one element (the ulnare), as is seen in the posterior margin of the astragulus in 
the hind fins of TY17 and TY05 (the calcaneum), but at its anterior margin M. hauthali articulates with 
only one element (the radiale), unlike in TY17 and TY05, in which the astragalus articulates with the 
distal tarsal two and metatarsal two. The humerus of M. hauthali has three distal articular facets and the 
extrazeugopodial element is articulating to the humerus, which differ to the observed in the femur of the 
hind fins of TY17 and TY05 (only two distal articular facets in the femur), with no articulation of the 
pisiform and extrazeugopodial element to the femur.
The configuration of the TY17 and TY05 hind fins resembles that of the forefin of Undorosaurus 
trautscholdi (Arkhangelsky and Zverkov, 2014) from the Volgian of Russia (fig. 77 D). The intermedium 
of the forefin of U. trautscholdi articulates with two elements at its anterior margin (the radiale and distal 
carpal two) and with only one element at its posterior margin (the ulnare) as is seen in the anterior and 
posterior articulation of the astragalus in TY17 and TY05. In U. trautscholdi, however, the pisiform and 
the extrazeugopodial element articulate with the femur, unlike in TY17 and TY05. An incomplete hind 
fin of Undorosaurus gorodischensis (specimen UPM, no. EP-II-20 (572) published by Efimov (1999) 
from the Volgian of Russia, shows a structure and organization similar to TY17 and TY05 (fig. 77 C). 
Even though incomplete, the similarities are remarkable, and include, among other common features (1) 
two distal articular facets in the femur, (2) a fibula with an acute distal angle for the articulation with 
the astragalus and fibulae, (3) a tibia articulating distally with the distal tarsal two, posterodistally with 
the astragalus and anterodistally with an anterior extrazeugopodial element, (4) an astragalus which is 
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pentagonal in shape with six articular facets. These similarities suggest that TY17 and TY05 are closer 
related to Undorosaurus than to any other taxon. According to Efimov (1999) U. gorodischensis reaches 
a length of 4 and 6 m, but the size of its hind fin is about twice as big than the ones of TY17 and TY05.
The taxonomical status to genus level of TY17 and TY05 remains unknown but it is suggested 
that the two individuals from Tyndall may be referred to a new species, which is morphologically close 
to Undorosaurus and Cryopterygius. The similar configuration in hind fins of TY17, TY05, as well as 
a third specimen from Tyndall (CPAP0003, see below), the Volgian C. kristiansenae, U. gorodischensis 
and U. trautscholdi, suggests that this group may form a yet un-documented Undorosaurus–like clade. 
Members of this clade must then have dispersed from the northern to the southern hemisphere (see 
paleobiogeographical significance).
Figure 77. Comparative line drawings of fore-and hind fins of different ophthalmosaurid ichthyosaurs. 
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A, Left and right hind fins of TY17. According to the left lateral exposition of the skeleton, the rigth 
hind fin is exposed in ventral view and the left hind fin likely rotated on its axis post mortem, being 
exposed in ventral view. B, Left hind fin of Sveltonectes insolitus in dorsal view (modified from Fischer 
et al., 2011b). C, Alternative interpretation of the left hind fin of Undorosaurus gorodischensis in ventral 
view (modified from Efimov, 1999). D, Left forefin of Undorosaurus trautscholdi in dorsal view (from 
Arkhangelsky and Zverkov., 2014). E, Left forefin of Cryopterygius kristiansenae in dorsal view view 
(from Druckenmiller et al., 2012). F, Left hind fin of Cryopterygius kristiansenae in left lateral view 
(from Druckenmiller et al., 2012). G, Alternative interpretation of the former hind fin. Arabic numbers 
are distal carpals. Roman numbers are metacarpals.
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Family Ophthalmosauridae Baur 1887
Ophthalmosauridae indet. 2
Material.
TY54: An articulated and partially exposed skeleton of 65 mm (total estimated length 1 m) (fig. 78).
CPAP0003: An isolated and articulated forefin of 28 mm (total estimated length (?) 3 m) (fig. 80).
Stratigraphic range: Valangianian – Hauterivian of Zapata Formation (Chile; 140–130 myr).
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Figure 78. Ophthalmosauridae indet. 2. TY54. A, Skeleton exposed in finding position in right lateral 
view. B, Line drawing of A with interpretation of skeletal element visible. 
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4.5.1 Description 
Postcranium – The postcranium is exposed with an articulated portion of vertebral column, neural 
arches, disarticulated ribs, forefin and hind fin. 
Vertebral column – A portion of the dorsal and caudal vertebral section is exposed in left lateral view 
(fig. 78). Four centra are disarticulated and exposed in anterior or posterior view. The articulated portion 
of the vertebral column is exposed with nine vertebrae exposed ventrolaterally and 33 in lateral view. 
The vertebral column was abraded to a level, where the amphicoely of the intervertebral articulation is 
visible. Three vertebrae preserve an oval single rib facet, likely the parapophysis (McGowan and Motani, 
2003). Single rib facets are typical for caudal vertebrae in ichthyosaurs (McGowan and Motani, 2003). 
The maximum height in the eight centra is 46 mm; it decreases to 35 mm in the 34th exposed 
centra. The maximum length of vertebrae cannot be measured because the polished sections do not 
completely expose the anterior and posterior margins of each vertebra. Most of the preflexural vertebrae 
as well as the tail bend remain embedded. 17 postflexural vertebrae from the tail are partially exposed (fig. 
79 C, D). The postflexural vertebrae are as high as they are long. No chevrons are visible. Four chevrons 
articulate with four of the preflexurals caudal centra. (fig. 79 B). The chevrons are anteroposteriorly 
twice as thinner than corresponding ribs. The largest one is 13 mm in dorsoventral length. 26 neural 
arches are partially exposed. From these it is possible to identify the left neural arches facets. These are 
partially exposed in lateral view, and articulated to their respective centrum (fig. 79 B). 
Ribs – Most ribs are embedded. The ventral sections of approximately 50 ribs are disarticulated and 
likely displaced from their topological location (fig. 79 B). The ribs are anteroposteriorly slender in 
comparison with other specimens of the Tyndall locality, previously described, but they are wider than 
the portions of chevrons exposed. They present a longitudinal furrow. The proximal head of the ribs is 
not seen in the portions exposed.
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Figure 79. Ophthalmosauridae indet 2. TY54. A, Caudal portion with articulated vertebrae, 
partially exposed neural arches, disarticulated ribs and a hind fin that was displaced and rotated 
from its original location. B, Line drawing of the sections recognized in A. Note that chevrons 
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are present in four of the caudal vertebrae. C, Postflexural portion of the tail in finding position 
with partially articulated vertebrae. D, Line drawing of the outline of postflexural vertebrae. 
No chevrons are seen in the centra, or at least, they are not visible in the exposed portion.
Forefin – The forefin of CPAP0001 is 2.2 times proximodistally longer, including the humerus, than it 
anteroposterior width. The loss of the cortex means that an unequivocal identification of the humeral 
process is not possible. This posses a problem in determining whether the fin is exposed in dorsal or ventral 
view. However, the morphology of the zeugopodium (see below) at least allows for the identification of 
the anterior and posterior margins of the fin. 
The primary axis of the fin was identified following the method presented by Motani (Motani, 
1999). Three main digits (II, III and IV) are present in the forefin as are one preaxial and two postaxial 
digits. The posteriormost postaxial digit is partially disarticulated (Fig. 6). Digit II articulates with the 
radiale, III with the intermedium, and IV with the ulnare. Two thirds of the phalanges are hexagonal 
and then gradually become oval towards the distal terminus of the digits. Phalanges from the post- and 
preaxial digits are also oval. CPAP0003 has 12 phalanges in its longest digit (digit III) and five elements 
in its widest part (fig. 80 A, B).
Humerus – The humerus is longer than wide (see table 1) and possesses two markedly distal articular 
facets. The distal articular facet for the ulna is 24 mm long and that for the radius 27 mm. Both facets are 
concave. A third extremely short distal facet is located at the anterior margin of the forefin. This facet is 
only slightly concave and 8 mm long. It articulates with the extrazeugopodial element. 
The anterior edge of the fin was identified as such based on the convexity of the preaxial and 
postaxial rows and the morphology of the zeugopodial elements: the element interpreted as the ulna is 
wider than the one identified as the radius (Broili, 1907; McGowan, 1972a; Wade, 1984, 1990; Efimov, 
1999; Motani, 1999; Bardet and Fernandez, 2000; Fernández and Aguirre-Urreta, 2005; Maxwell and 
Caldwell, 2006a; Arkhangelsky et al., 2008; Kolb and Sander, 2009; Zammit et al., 2010; Fischer et al., 
2012).
Zeugopodium – The zeugopodium consists of a complete and articulated ulna, a radius and an anterior 
extrazeugopodial element.
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Ulna – The ulna is pentagonal and articulates with the radius, intermedium and, via a convex distal 
facet, with the ulnare. Proximally, the ulna also articulates with the humerus via a slightly convex facet. 
The ulna is concave along its posterior margin; however, the distinct posterior ‘edge’ diagnostic of 
Ophthalmosaurinae (Fischer et al., 2012) is absent due to poor preservation. 
Radius – The radius has four straight articular facets and does not articulate with the radiale, which is a 
unique feature within ophthalmosaurids: the radiale has seemingly been displaced towards the preaxial 
side by the broadening of the intermedium.
Anterior extrazeugopodial element – The extrazeugopodial element is triangular and longer than the 
radius (29 mm in length as compared to 22 mm, see table 1): it articulates with the radius, radiale and the 
first preaxial element. The facets that articulate with the humerus and the preaxial phalanx are convex 
while the facet that articulates with the radius is slightly concave. 
Autopodium – The autopodium consists of articulated radiale, ulnare and intermedium. The autopodial 
elements of CPAP0003 form a tight mosaic with the exception of the distal ones, similar to the pattern 
observed in Platypterygiines (McGowan and Motani, 2003; Fernández and Aguirre-Urreta, 2005; Kolb 
and Sander, 2009; Zammit et al., 2010; Pardo Pérez et al., 2012). 
Intermedium – The intermedium is roughly pentagonal in outline but articulates with six elements: 
radius, ulna, ulnare, radiale, distal carpal 4 and distal carpal 3. 
Radiale – The radiale is quadrangular but articulates with six elements via straight facets: extrazeugopodial 
element, intermedium, distal carpal 3, distal carpal 2, and the first and second preaxial phalanges. There 
is no contact with the radius.
Ulnare – The ulnare is roughly rectangular in outline. Its distal facet is slightly convex and articulates 
with distal carpal 4. A small and straight anterior facet articulates with the intermedium. The ulnare is 
convex along its posterior margin: there is no evidence for an articulation with the pisiform, although this 
element may originally have been present.
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Distal carpals and metacarpals – The distal carpals and metacarpals are rounded to rectangular in outline 
with concave anterior and posterior borders (fig. 80 A, B). 
Figure 80. Ophthalmosauridae indet. 2. A-B: CPAP0003. A, Articulated forefin in finding position in 
(?) ventral view. B, Line drawing of A, indicating the elements recognized. C-D: TY54. C, Portion of 
hind fin partially exposed. D, Line drawing of C with the elements recognized.
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Element CPAP0003 forefin Element CPAP0003 
forefin 
Humerus Ulnare 
Maximum length 87 Maximum length 27
Maximum width 45 (proximal section), 56 (distal section) Maximum width 14
Radius
Extrazeugopodial 
element
Maximum length 22 Maximum length 29
Maximum width 27 Maximum width 26
Ulna Intermedium 
Maximum length 24 Maximum length 23
Maximum width 33 Maximum width 33
Radiale
Maximum length 22 
Maximum width 27
Table 6. Ophthalmosauridae indet. 2. Measurements of selected elements of the CPAP0003 forefin. 
All the measurements are in millimeters and were made using a plastic caliper. The maximum length is 
related with its proximodistal length and the maximum width is related to its anteroposterior width.
Pelvic girdle – Portions of pelvic girdle elements and possibly a portion of ilium are exposed, but due to 
the bad preservation nothing can be said about its shape. The pelvic girdle as well as the exposed elements 
of hind fins of TY54 and ribs were displaced from their anatomical position during decomposition and 
now lie adjacent to the dorsal margin of the vertebral column. The element that may correspond to a 
portion of ilium is located near the posteroproximal extremity of the femur (fig. 81). It is proximodistally 
elongated with a distal margin twice as wide as its proximal one. The posterior margin of the bone is 
straight, being slightly concave distally. Its anterior margin is unclear, probably because the bone is not 
completely exposed. It is convex at the proximal-most margin. The mid-shaft of the exposed bone and 
its distal-most portion are almost straight. The exposed portion is shorter than the exposed femur (20 mm 
in proximodistal length). 
The other bone that could to correspond to the ischiopubis is located at the porsterodorsal margin of 
the vertebral column and overlain by some of the displaced ribs (fig. 79 B). The outline of the bone is 
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unclear, but is thinner at its proximal exposed margin than at the distal one. It is proximodistally longer 
(54 mm) than the exposed femur and possible ilium. 
Figure 81. Ophthalmosauridae indet. 2. A–B: TY54. Portion exposed of possibly ilium, showing its 
closeness to the femur.
Hind fin – The femur of one of the hind fins and the distal phalanges of the opposite hind fin are partially 
exposed in TY54. It is difficult to decide which elements belong to the left or right hind fin because these 
have rotated and now are displaced from in situ position (fig. 80 C, D).
Femur – The femur is exposed in ventral or dorsolateral view. It is 30 mm in proximodistal length. The 
proximal portion is anteroposteriorly wider than the distal one, 17 mm wide at the proximal margin and 
13 mm anteroposteriorly at the distal margin. An articular facet is recognized at the distal margin of the 
femur for articulation with a zeugopodial element. Due to the fact that both the anterior and posterior 
margins of this femur are embedded in sediment, it cannot be decided whether this facet is for articulation 
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with the tibia or fibula. 
Distal phalanges – Three digits with articulated phalanges show a perpendicular orientation and these 
digits likely correspond to the contralateral hind fin. However, it is also possible that this phalangeal 
section represents a disarticulated portion of the same hind fin.
The exposed phalanges are rounded in outline and have shallowly concave anterior and posterior 
borders. Some of the exposed phalanges of TY54 are twice as larger than their anteroposterior width. 
Disarticulated tiny and rounded phalanges likely represent the disarticulated distal-most portion of this 
hind fin, or to the disarticulated portion of the contralateral one. 
4.5.2 Remarks and discussion 
According to the size of the exposed elements and compared with the bone sizes of other Tyndall 
ichthyosaurs, TY54 likely represents a juvenile or even neonate individual.
No chevrons were identified in the postflexural vertebrae of the tail. Three hypotheses may 
explain their absence: (1) Chevrons are covered by the sediment. (2) TY54 represents a new species of 
ichthyosaur characterized by the absence of chevrons in postflexural vertebrae. (3) The tail is exposed in 
dorsal view and chevrons are not seen in this view. 
The first hypothesis is excluded here; in case of incomplete exposition of chevrons the adjacent 
vertebrae would not be as fully exposed (in 2D) as they are. A complete absence of chevrons in the tail 
vertebrae appears unlikely given their function of protecting the caudal artery and vein during thrust 
generation. Thus, hypothesis 2 also appears unlikely. It is therefore suggested that the absence of chevrons 
results from a dorsal view of vertebrae exposed.
Four chevrons in the preflexural caudal vertebrae of TY54 articulate with their respective caudal centra. 
Neural spines are not completely exposed and no comparison is possible. 
4.5.3 Comparison with other ophthalmosaurids
The rounded outline with convex anterior and posterior margins of fore-and hind fin phalanges of 
CPAP0003 and TY54 differ from all other individuals identified at Tyndall. 
The hind fin of TY54 and the forefin of CPAP0003 are similar to other Ophthalmosaurus spp. in 
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the rounded shape of the phalanges. Nevertheless, forefin architecture of Ophthalmosaurus differs from 
CPAP0003 by the following features: (1) The humerus of Ophthalmosaurus has three distinct distal 
articular facets with the anterior-most being the shortest for the articulation with the extrazeugopodial 
element. This facet is extremely short in the humerus of CPAP0003 (8 mm long). (2) The radius of 
CPAP0003 differs from Ophthalmosaurus spp. and all other known ichthyosaurs in that it articulates 
distally only with the intermedium but not with radiale and intermedium, as commonly seen in most 
other taxa (McGowan and Motani, 2003). (3) The triangular outline of the extrazeugopodial element of 
CPAP0003 is also unique.  
The morphology of CPAP0003 is closest to that described for Undorosaurus (Efimov, 1999) 
and Cryopterygius (Druckenmiller et al., 2012) (fig. 82). Unfortunately, these taxa are poorly known: 
Cryopterygius (Druckenmiller et al., 2012) is based on only one incomplete specimen and its phylogenetic 
position is yet to be fully investigated. Undorosaurus is of uncertain taxonomic status and was considered 
synonymous with Ophthalmosaurus by some authors (Maisch and Matzke, 2000). Undorosaurus is 
morphologically distinct from Ophthalmosaurus because characters such as its peculiar, nearly infused 
ischiopubis, large and robust teeth, and longipinnate forefins (McGowan, 1972b, 1972c, 1974) are absent 
in Ophthalmosaurus icenicus and Ophthalmosaurus natans. Nevertheless, this last feature is shared with 
the forefins described here. 
Differences in the distal articulation of ulna and radius and the triangular extrazeugopodial 
element of CPAP0003 prevent from referring the specimen to Undorosaurus or Cryopterygius. Because 
CPAP0003 and TY54 cannot be assessed to any taxon known to date, the specimens are temporally 
identified as Ophthalmosauridae indet. It will be described as a new taxon at a later stage.
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Figure 82. Forefin of CPAP0003 and comparison with other ophthalmosaurid forefins. 
A, Articulated forefin of CPAP0003 in (?) ventral view. B, Left forefin of Cryopterygius 
kristiansenae in dorsal view (from Druckenmiller et al., 2012). C, Left forefin of Undorosaurus 
gorodischensis in dorsal view (from Efimov, 1999; rotated for interpretation). D, Left forefin 
of Undorosaurus trautscholdi in dorsal view (from Arkahngelsky and Zverkov, 2014). E, Left 
forefin of Ophthalmosaurus icenicus in dorsal view (modified from McGowan and Motani, 2003).
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Ophthalmosauridae indet. 3
Material.
1TY25: A complete and articulated partially exposed skeleton of about 3 m total length (total exposure 
1.9 m length), exposing postcranial elements of the skeleton: postsacral portion of vertebral column, ribs 
and hind fins (fig. 83).
Stratigraphic range: Valangianian – Hauterivian of Zapata Formation (Chile; 140–130 myr).
1  Pardo Pérez, J., Otero, R and Suárez, M. (2015). Síntesis del registro fósil de ictiosaurios en 
Chile. In: Vertebrados fósiles de Chile. Rubilar–Rogers, D., Otero, R., Vargas, A and Sallaberry, M. 
Publicación ocasional del Museo Nacional de Historia Natural 63: 113–150.
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Figure 83. Ophthalmosauridae indet. 3. TY25. A, Caudal portion exposed on site in left lateral view. B, 
Line drawing of A. 
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4.6.1 Description.
Proportions –Proportions cannot be calculated precisely because the skull and part of the postcranial 
portion of the skeleton are embedded in the sediment. Only the complete caudal portion of the skeleton 
is exposed and has a length of 1.9 m. It is therefore safe to estimate that the remaining portion is at least 
1 meter long and the complete individual was approximately 3 m long. 
Postcranium – TY25 corresponds to the caudal section of the vertebral column with pre-and postflexural 
vertebrae and including the tail bend. Neural arches and spines are exposed, as well as chevrons, ribs, 
and right and left hind fins.
Vertebral column – 48 vertebrae are exposed in left ventrolateral view. The abraded sections are roughly 
hour-glass-shaped because of their amphicoely. However, this is not completely appreciated because of 
the ventrolateral exposition of the vertebral row. The vertebrae articulate with their respective neural 
arches and spines. Only the anterior-most nine vertebrae do not show an articulation with neural arches. 
The anterodorsal margin of these vertebrae shows an outline of the concavity of one of the two processes 
that articulate with it respective neural arch (fig. 84 A, B).
The canial-most nine vertebrae are visible from ventrolaterally and show the anterior margin of 
each centrum in anterior orientation (fig. 84 A–B). This anterior orientation of vertebrae changes abruptly 
in the tenth exposed vertebra and which appears to be displaced by about 30° in posterior direction (fig. 
84 A–D). This abrupt change may be a result of agony when the animal drowned as is seen in other 
specimens from the Tyndall locality in the type 1 of deposition (see chapter 3 taphonomy). 
No comparative measurements are given here of the height and length of each centrum, because 
of the changing orientation of the vertebrae in the sequence and because of insufficient preservation of 
dorsal and ventral margins resulting from diagenetic compaction. 
Towards the apical section the vertebrae gradually decrease in height. This gradual change is 
clearly seen in the polished sections of three vertebrae that are forming the apical bend. A distal portion 
of a possible neural arch is seen in the second of these vertebrae (fig. 85 A–B). The contact between 
the neural arch and its facet on the centrum is not seen. In the apical region the vertebrae have rotated 
approximately 90° in clockwise direction in a way that the outline of the dorsal section of each postflexural 
vertebra is now seen in posterior view (fig. 85 A–B). 
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The anterior-most three postflexural vertebrae are poorly exposed but the terminally following 
ones show that amphicoely still persists to the end of the vertebral column. These postflexural vertebrae 
are as high as they are long (H/L= 14 in the best-exposed vertebrae). Chevrons are not seen, possibly 
because this section is not well exposed in the majority of postflexural vertebrae. The postflexural 
vertebral row is exposed laterally, but about five vertebrae are dorsolaterally exposed (fig. 85 A–B). 
Neural arches are not seen in any of the postflexural vertebrae. 
During fossilization the apical vertebrae were slightly displaced from their original orientation. 
In consequence, the angle of apical bend as preserved does certainly not represent the tail bend angle of 
the living animal and the methodology of McGowan and Motani (2003) for measurement of the tailbend 
angle cannot be applied because of the distortion. 
15 neural spines with neural arches are partially exposed and articulate with their respective 
centra, while 10 neural arches are partially exposed and disarticulated from their respective centra (fig. 
84 C, D). Two of them show the neural canal (fig. 84 E, G).
The anterior and posterior zygapophyses of the neural spines cannot be recognized with certainty, 
because the distal portions of the neural spines are not completely exposed. Like the neural arches the 
neural spines were also affected by compression during fossilization, which modified their original 
outline. 
Small portions of eight ribs are exposed at the ventral margin of seven vertebrae (fig. 84 A–B). 
They are three times wider anteroposteriorly than the elements identified as possible chevrons (fig. 84 
C–D). The proximal articulation of these possible ribs with their respective vertebrae is not exposed. Par-
and diapophyses have not been identified with certainty, because of abraded bone sections. 
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Figure 84. Ophthalmosauridae indet. 3. TY25. A, A portion of the vertebral column showing the first ten 
exposed vertebrae. The first three vertebrae are exposed in ventrolateral view. The remaining vertebrae 
are exposed laterally. Note the gap between the ninth and tenth vertebra and the abruptly change in 
orientation of the tenth vertebra, which is identified by the neural arch facet. B, Line drawing of A. C, 
Caudal portion of the vertebral column begins from the eighth exposed vertebra. D, Line drawing of 
C. Neural spines are exposed until about the eighteenth centrum. Caudally, only the neural arches are 
exposed beginning with the nineteenth vertebra. E–F, Disarticulated neural arches. G, Line drawing of 
the disarticulated neural arches, showing the exposed neural canal. 
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Figure 85. Ophthalmosauridae indet. 3. TY25. A, Terminal portion of the caudal vertebral column 
including the tail bend. B, Line drawing of A indicating the preflexural and postflexural vertebrae and 
the three apical vertebrae.
Hind fin – Both right and left hind fins are partially exposed (fig. 86 A–C). Similar to other specimens 
described here (see above), the dorsal and ventral processes of the femur are missing due to abrasion. The 
identification of ventral and dorsal processes is diagnostic for the determination whether the hind fins are 
exposed in dorsal or ventral view. Taking into account the left lateral orientation and articulated nature of 
the skeleton, the better exposed hind fin almost certainly represents the left one and is likely exposed in 
dorsolateral aspect. The right hind fin consequently would then be exposed in ventral view. A rotation of 
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one or both fins appears unlikely because of the articulated preservation and their naturals position with 
respect to the body (see taphonomy in chapter three).
Determination of the anterior and posterior margins of the hind fins and the correct arrangement 
of their anterior and posterior parts of the shaft remains uncertain, because none of the diagnostic fin 
elements (i.e., femur and adjacent elements of the astragalus is completely exposed and allows for a 
positive identification). 
A partially exposed femur is identified, which bears two concave distal articular facets for the 
articulation of tibia and fibula, but nothing can be said about the extension of these facets and the presence 
or absence of a third distal facet. 
The zeugopodial elements are polygonal in outline. The better-exposed one in the right hind fin is 
pentagonal in outline with straight articular facets. The astragalus is pentagonal. It proximally articulates 
with both the tibia and fibula and distally with a distal tarsal in a straight facet. The distal phalanges are 
roughly rectangular in shape. Tiny rounded phalanges are exposed at the anterior and posterior margins 
as well as in the distal 5%, which indicates that the distal terminus of the hind fin is exposed. The hind 
fin likely possessed three principal digits and between four to five accessory digits which correspond to 
pre-and postaxials (see fig. 86 B, C).
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Figure 86. Ophthalmosauridae indet 3. TY25. A,  Photograph of the left and right hind fins in finding 
situation. B–C, Interpretative line drawings of the anterior and posterior margins of the hind fins and 
their elements. D–M,Comparison with hind fins of ophthalmosaurid ichthyosaurs: D,Right hind fin of 
Caypullisaurus bonapartei (from Fernández,2007). E, Left hind fin of Sveltonectes insolitus (from Fischer 
et al., 2011). F, Right hind fin of Aegirosaurus leptospondylus (from Fernández, 2007). G, Left hind fin 
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of Ophthalmosaurus icenicus (from Fernández, 2007). H, Right hind fin of Platypterygius australis 
(from Zammit et al., 2010). I, Left hind fin of Cryopterygius kristiansenae (from Druckenmiller et al., 
2012). J, Alternative interpretative drawing of C. kristiansenae suggested in this work. K, Left hind 
fin of Undorosaurus gorodischensis (modified from Efimov, 1999). L, Right femur of Arthropterygius 
chrisorum (from Maxwell, 2010). M, Distal section of the right femur of A. chrisorum (from Maxwell, 
2010). D–M, not scale). 
4.6.2 Remarks and discussion
The exposed portion of the TY25 skeleton is completely articulated. However, the dorsal and 
ventral borders of the vertebral column including the neural arches and spines are not well exposed and 
the vertebral column suffered from abrasion and compression. Therefore morphological comparisons 
with the same region in other ichthyosaurs make no sense. 
The postflexural vertebrae of TY25 are as long as high, similar to their homologues in M. 
hauthali (specimens TY56 and TY15), specimen TY05 (ophthalmosauridae indet.), all from Tyndall, and 
ophthalmosaurids A. densus (Fischer et al., 2012), P. australis (Zammit et al., 2010) and P. hercynicus 
(Kolb et al., 2009). The amphicoelic postflexural vertebrae of TY25 differ from the ones of A. chrisorum 
(Maxwell, 2010), where the postflexural vertebrae are platycoelus. 
A femur with two distal articular facets was documented from Arthropterygius chrisorum 
(Maxwell, 2010), Cryopterygius kristiansenae (Druckenmiller et al., 2012), Sveltonectes insolitus (Fischer 
et al., 2011b), Aegirosaurus leptospondylus (Bardet and Fernández, 2000), Caypullisaurus bonapartei 
(Fernández, 1997; Fernández, 2007) and Ophthalmosaurus icenicus (Andrews, 1910; McGowan and 
Motani, 2003). From these species Sveltonectes is characterized by pre–and postaxial digits (Fischer et 
al., 2011b), Aegirosaurus by one postaxial digit (Bardet y Fernández, 2000) and Caypullisaurus by two 
postaxial digits (Fernández, 2007), but there are yet no reports on hind fins with bifurcating preaxial 
digits. 
The astragalus of TY25 is pentagonal in shape and thus similar to the ones of S. insolitus and 
Aegirosaurus leptospondylus, but also in: (1) articulation proximally with the tibia and fibula in two 
facets of almost the same extension, and (2) a distal articulation in a straight facet with only one digit. 
Other ophthalmosaurids such as U. gorodischensis, C. kristiansenae, C. bonapartei and P. australis also 
present this last type of distal articulation but differ from TY25 in the extension of the two proximal 
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articulations. The hind fin of TY25 also differs from the one of P. australis in the absence of a direct 
contact of the extrazeugopodial element with the femur (fig. 86).
The hind fin of TY25 is proximodistally elongated when compared with the ones of TY17 and 
TY05 (see above) and contains more than one pre–and postaxial digits. The astragalus is pentagonal and 
not hexagonal as the intermedium of M. hauthali. In some ichthyosaurs, however, the intermedium of the 
forefin differs in shape from the astragalus of the hind fin (Bardet and Fernández, 2000; Zammit et al., 2010; 
Fischer et al., 2011b). In these taxa (e.g. Sveltonectes, Ophthalmosaurus) the hind fin is approximately 
twice as shorter and thinner than the forefin. It is therefore possible that TY25 may be referable to M. 
hauthali, but this assumption cannot be validated positively to date. The present description is pending 
until more comparative fin material is obtained and temporarily identified as Ophthalmosauridae indet., 
according to the presence of pre–and postaxial digits. 
Chapter 4. Taxonomy                                                                                                                                  
223
Subfamily Platypterygiinae Arkhangelsky, 2001 (sensu Fischer et al., 2012)
Platypterygiinae indet. 
Material.
TY16: A partially exposed skeleton of 700 mm total estimated length (590 mm exposed), containing 
cranial material and disarticulated vertebrae (fig. 87).
Stratigraphic range: Valangianian – Hauterivian of Zapata Formation (Chile; 140–130 myr).
Figure 87. Platypterygiinae indet. TY16. Skeleton exposed in ventral view. Note that the disarticulated 
vertebrae and the skull are exposed right ventrolaterally. 
4.7.1 Description.
Cranium – The skull elements are partially exposed. TY16 is articulated and exposed in right lateroventral 
view. It show mandibular and basicranial elements. Most elements are embedded, however some skull 
elements are recognized in TY16, such as the right and left mandibular ramus, right and left premaxilla, 
right nasal, anterior border of the right external naris, right maxilla, right jugal, disarticulated sclerotic 
plates, a possible quadrate of the right side, and teeth.  
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Rostrum – An anterior portion of 84 mm in length of the premaxilla is exposed in TY16. The ?laterally 
exposed segment is 9.6 times longer than it is high. The premaxilla is in contact with the maxilla at 
its posterior margin and with the nasal at its dorsal margin. The premaxilla forms the ventral margins 
of the naris. A concavity is seen in the posterior margin of the premaxilla, which possibly formed part 
of the premmaxillolacrimal suture or housed a process of the maxilla. This latter bone is not exposed. 
Approximately 11 premaxillary teeth are preserved in the premaxilla (fig. 87).
The exposed posterior portion of the nasal suggests that the nasal was low with respect to the 
premaxilla however; its dorsal margin is only partially visible. The posterior margin of the nasal forms 
anterior and dorsal portions of the naris (fig. 87 B).
The exposed portion of maxilla is only 27 mm long. At its anterior margin it forms a suture with 
the premaxilla. At its posterior margin the maxilla connects with the jugal. No other suture is visible. 
Teeth are still preserved at this level of the maxilla.
The jugal is rod-like in otline. It is 10.3 times longer than it is high with a concave medial 
margin. This shallow concavity continues until the anterior margin. The anterior-most portion of the 
jugal articulates with the maxilla. The jugal preserves its posterior-most portion, which is dorsoventrally 
twice as high than it anterior margin. Nothing more can be said about the skull bones in the orbital area. 
Sclerotic plates –Two sclerotic plates are exposed in the orbital region of TY16, but most of this bone 
remains embedded in the sediment. The best-exposed sclerotic plate is trapezoidal in shape with its 
dorsal margin anteroposteriorly 2 times larger than its ventral one. The plate is 8 mm high and 7 mm 
long (fig. 87).
Teeth – 18 premaxillary and dental teeth in TY16 are preserved close to their position in life (fig. 87 A–C; 
fig. 88). Glacial abrasion let exposed teeth in both longitudinal and cross-sections. The total length of the 
best-exposed tooth is 5 mm with a maximum width of 3 mm. 
The teeth present a slight lingual curvature. In contrast to other ophtalmosaurids with a striated 
crown (Massare, 1987; McGowan and Motani, 2003; Kear, 2005; Maxwell et al., 2011; Kear and Zammit, 
2013), the enamel of the teeth of TY16 are smooth. 
The root of teeth is only recognizable in the cross-sectioned ones. Cross-sectioned teeth show 
three different levels with different shapes: (1) sections with a rounded quadrangular outline. (2) Sections 
with rounded to oval outline 1.5 times smaller than (1). (3) Sections twice as small rounded to oval 
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in outline than (2). These three different sections of teeth have also been found in other ichthyosaurs 
(Efimov, 1999; Fischer et al., 2011a; Maxwell & Caldwell, 2006b, see discussion), representing the root 
(the quadrangular shape), the crown (the rounded big shape) and the tip of the crown (the rounded small 
shape) of teeth (see fig. 88). 
Mandibular ramus – The left and right mandibular rami are partially exposed in ventrolateral view. The 
sutures that divide the mandibular bones are recognized in TY16. These sutures allow for a tentative 
identification of the dentary, the surangular, the angular and the splenial in the right mandibular ramus 
(r.m.r) and portions of the dentary and splenial in the left mandibular ramus (l.m.r). The right and left 
dentary are anteroposteriorly elongated and are almost completely exposed. A shallow depression, 
likely the fossa surangularis is observed in the left lateral mandibular ramus. The depression starts 
approximately in the mid-shaft of the dentary and terminates at the posterior margin of the dentary. Its 
exact starting point cannot be recognized clearly because the anterior-most portion is embedded. A deep 
partially covered oval depression observed on the posterior margin of the l.m.r likely corresponds to the 
insertion fossa on the retroarticular process for the musculus depressor mandibulae. 
In TY16 the splenial is parallel to the ventrolateral margin of the r.m.r. The splenial is rostro-
craneally elongated; it is half as high as the dentary. The portion identified as a possible angular in 
the r.m.r is located on the posteroventral margin of the surangular and covers part of the posterodorsal 
surface of the splenial. 
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Figure 88. Platypterygiinae indet. A, Exposed portion of the skull of TY16 exposed in left lateral view. 
B, Line drawing of A, indicating the elements identified here. Dotted lines indicate the possible suture 
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of bones in the mandibular ramus (dentary, surangular, angular, splenial). C, Detail of the rostrum of 
TY16 exposing various teeth.
 
Figure 89. Platypterygiinae indet. A-B, TY16. Exposed sections of teeth. showing the longitudinal 
and cross-sectioned teeth. C, Scheme of a tooth of Platypterygius australis (modified from Maxwell 
et al., (2011), showing the three different cross-sectioned outlines found in the teeth of TY16 and their 
corresponding regions in the tooth. The tiny rounded outline corresponds to the tip of the crown. The 
rounded shape below corresponds to the lower-most portion of the crown. The quadrangular outline at 
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the bottom corresponds to the root region of the tooth. 
Vertebral column – 18 disarticulated vertebrae are exposed in ventral view. The diameter of the most 
complete exposed centrum is 12 mm.
4.7.2 Remarks and discussion 
Teeth of TY16, although preserved as longitudinal sections through the middle of the tooth, show 
the pulpar cavity (fig. 89). This allows to reconstruct the slenderness of the teeth which show a sharply 
pointed apex. Therefore the teeth of TY16 resemble those seen in Sveltonectes insolitus (Fischer et al., 
2011b), Simbirskiasaurus birjukovi (Fischer et al., 2014b) and Sisteronia seeleyi (Fischer et al., 2014a). 
The labial margin of teeth of TY16 is gently convex as is seen in P. australis and S. insolitus (Kear, 
2005 and Fischer et al., 2011b). A lingual curvature was also reported in the teeth of C. kristiansenae 
(Druckenmiller et al., 2012), although there is no information regarding the shape of their apices. 
The teeth of TY16 differ from those of Undorosaurus, Brachypterygius spp. and Platypterygius 
spp., which are robust and large (ratio 2.6 to 4 approximately) with acute but rounded apices (Fischer et 
al., 2011a, 2011b, 2011c). Massare (1987) grouped species with these types of teeth to the ‘grasp smash’ 
guild. As discussed by Fischer et al., (2011b) for S. insolitus, the morphology of teeth identified in TY16 
does not fit any of the categories proposed by Massare (1987), but forms a new group between ‘pierce I’ 
and ‘pierce II’ of teeth with piercing function (Massare, 1987: page 132, figure 16). 
None of the specimens of M. hauthali presents teeth. Tyndall species thus provide evidence for 
species with teeth and others in which teeth are absent. This suggests a differentiation in the hunting 
method, possibly no competitive for species inhabiting the same niche. The resource of food likely was 
the same for ichthyosaurs with and without teeth; nevertheless the coprolites of TY16 are not exposed 
being impossibly at this moment to validate this assumption. However there are pellets in the vicinity of 
the skeleton with remains of small teleost fishes. This proves that thin scale fishes were part of the diet 
of ichthyosaurs with teeth.
Associations of ichthyosaurs with two types of teeth (small ‘piercing’ and large ‘smashing’) 
were documented for the Aptian-Albian of southeastern France (Fischer et al., 2009), the Albian of 
England (Fischer et al., 2011b) and the Barremian of Russia (Ul’yanovsk region) (Fischer et al., 2011b). 
In this case the ichthyosaurs with smashing teeth might have hunted in a similar way as the edentulous 
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ichthyosaurs of the Tyndall area. Edentulous ichthyosaurs had no other choice than to smash their prey 
with their jaws. 
A changing morphology of teeth (circular small in the apex, circular but bigger in the crown region 
and cuadrangular in the root region) has also been documented for Brachypterygius spp, Platypterygius 
spp, Maiaspondylus lindoei and Undorosaurus gorodischensis (Bardet, 1990; Efimov, 1999; Maxwell 
and Caldwell, 2006; Fischer et al., 2011). 
Figure 90. Comparative drawing of different ophthalmosaurid teeth. A, Simbirskiasaurus birjukovi 
(from Fischer et al., 2014b). B, Sveltonectes insolitus (from Fischer et al., 2011b). C, Maiaspondylus 
lindoei (from Maxwell and Caldwell, 2006b). D, Undorosaurus gorodischensis (from Efimov, 1999). 
E, Sisteronia seeleyi (from Fischer et al., 2014a). F, Platypterygius sp. (from Fischer et al., 2014a). G, 
TY16 (this work).
A nasal that participates in the formation of the anterior and dorsal margins of the naris, as also 
seen in C. kristiansenae (Druckenmiller et al., 2012); P. australis (Kear, 2005) and Paraophthalmosaurus 
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(Arkhangelsky, 1997). In M. hauthali, the nasal only contributes to the dorsal margin of the naris. The 
premaxilla of M. hauthali forms the anterior and the ventral margin of the naris.
The small TY16 skeleton represents an individual at an earlier ontogenetic stage, probably a 
neonate, because of the reduced size of the exposed cranial and postcranial bones, which are more than 
twice smaller than the skeleton of adults or sub-adult specimens of the Tyndall locality.
TY16 is here assigned to Platypterygiinae indet., according to: (1) the slender and sharply pointed 
shape of their teeth; this feature is shared with the S. insolitus, S. seeleyi and S. birjukovi (Fischer et 
al., 2011b; Fischer et al., 2014 a,b), which is considered to be a diagnostic feature of Platypterygiinae 
(Fischer et al., 2011b; 2012).
Assignation to a genus, or species is pending to the excavation and to the discovery of additional 
comparable material from the Tyndall fossil area.
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Thunnosauria indet. 
Material.
TY53: A virtually complete, partially exposed specimen of about 6 m total estimated length. The exposed 
portion of the skeleton is about 3 m long, preserving postcranial elements. A small portion of 0.58 m 
represents another specimen associated in the same level than TY53, showing cranial elements exposed 
(fig. 90). 
TY55: An articulated and partially exposed skeleton of about 5 m total estimated length. The exposed 
part is about 1 m long and preserves postcranial elements (fig. 91). 
Stratigraphic range: Valangianian – Hauterivian of Zapata Formation (Chile; 140–130 myr).
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Figure 91. Thunnosauria indet. TY53. A, Specimen in finding position (scale = 1.90 m) and partially 
exposed skull elements of an associated individual (at left). B, Interpretive line drawing of A. 
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Figure 92. Thunnosauria indet. TY55. A, Specimen in finding position. B, Interpretive line drawing. 
4.8.1 Description
Proportions – Both the TY53 and the TY55 skeletons are exposed in left lateral view, with exception 
to the associate specimen in TY53 in which it orientation is not clear. Proportions are estimated based 
on the data obtained from TY53, which is the more complete of the two specimens. TY53 is a 3 m long 
portion of a disarticulated specimen including most of the vertebral column, portions of a forefin, the 
pectoral girdle and a portion of the pelvic girdle. The non-exposed portions of postflexural vertebrae of 
the tail, including the tail bend, and the complete skull, could have measured another 3 meters. Thus the 
animal may have had an approximate total length of 6 meters.
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Postcranium – The exposed elements of the postcranium consist of a portion of the vertebral column 
with articulated neural spines, ribs, portions of pectoral girdle bones, a forefin and pelvic girdle elements.
Vertebral column – The vertebral column is not completely exposed in neither specimen. In TY53, the 
visible part of the vertebral column is articulated. No apophyses nor neural spines are exposed but a series 
of ten articulated centra are associated with ribs and therefore evidently comes from the thorax. The 
vertebrae are polished but traces of the dorsal portion of ribs are identified which covered the vertebrae 
before polishment (fig. 92 A, B, E, F). Another portion of vertebral column with 25 articulated vertebrae 
correspond to preflexural vertebrae from the caudal portion of the skeleton. The vertebrae at this level 
start to reduce it high (60 mm high in the best exposed vertebra compared with 90 mm high in the best 
exposed dorsal centra), which indicates a regionalized structure of the trunk.
The exposed vertebral column of TY55 comprises 15 vertebrae from the thoracic portion of the 
skeleton (fig. 91). They could not be measured in detail but they are clearly smaller than comparable 
vertebrae in the thoracic portion of TY53 (TY55: 60 mm high; 22 mm long. TY53: 90 mm high; 42 mm 
long). Portions of 12 neural arches and 10 neural spines are associated to these vertebrae. The neural 
arches are fused to the neural spines. Anterior and posterior zygapophyses are remarkably large and 
strongly interdigitated (fig. 91). The exposed neural spines are rectangular in outline and dorsoventrally 
higher than their respective centra.
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Figure 93. Thunnosauria indet. A, Dorsal portion of TY53. B, Line drawing of A. The dotted lines in 
the ribs indicate the longitudinal furrows. Dotted lines on the vertebrae illustrate the amphicoely. C, 
Thoracic portion of TY53. D, Line drawing of C. E, Dorsal portion of TY55. F, Line drawing of E. 
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Ribs and gastralia – The ribs exposed in TY55 and TY53 are anteroposteriorly wider with respect to it 
dorsoventral length than their homologues in M. hauthali and other ophthalmosaurids from the Tyndall 
locality (see remarks). Their external face is excavated by a deep furrows throughout the length of the 
ribs. A fragmented portion of the thorax of TY53 presents an eight-shaped cross-section of ribs. Therefore 
these cross-sections are from the dorsal margin of the ribs. The articular heads of the ribs are not exposed, 
but the eight-shaped cross-section suggests that the ribs must have been double-headed. This is confirmed 
by TY11, which is assigned to M. hautali, where the capitulum and tuberculum of the ribs are distinct and 
articulate with the respective diapo-and parapophyses. Approximately 27 disarticulated gastralia are also 
preserved. The gastralia are 3 times thinner in longitudinal section than the ribs (fig. 92 C, D).
Pectoral girdle – The rounded margins of two partially exposed bones identifies them as possible 
coracoids, as seen in other ophthalmosaurids (McGowan and Motani, 2003). One of the two bones 
overlaps the humerus and is plastically deformed (see taphonomy).
Forefin – The humerus, zeugopodial elements and part of the autopodium of one of the two forefins 
are partially exposed in TY53. The humerus was plastically deformed during late diagenesis. Its distal 
margin preserves the deformed facets for the articulation with ulna and radius. The unequal size of these 
two facets may result from deformation (fig. 93 A, B). According to the orientation of the skeleton of 
TY53 in left lateral view, the exposed portion of forefin likely comes from the left forefin. The anterior 
and posterior margins are obscured. 
An element of the forefin zeugopodium is completely exposed and has a proximodistal length 
of 64 mm and a maximum anteroposterior width of 78 mm. The proximal margin is convex and wider 
than the distal one, which coincides with the wider distal facet of the humerus. The distal margin of the 
zeugopodial element is straight and anteroposteriorly thin. The distal margin articulates with a mesopodial 
element. The posterior margin is deeply concave while the anterior one is convex. 
The distally following element is proximodistally shorter and anteroposteriorly thinner than the 
former one (48 mm long and 46 mm high). Its posterior orientated margin is convex, while the anterior 
margin is straight. Distally, a straight margin contacts another element, which is even shorter and thinner 
than the former one (28 mm high and 32 mm long). It shows a convex margin that faces posteriorly 
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and a concave one facing anteriorly as preserved. The last exposed element is the smallest one. It is 
proximodistally longer (18 mm) than its anteroposteriorly width (9 mm). The exposed portion of forefin 
is 342 mm long.
Figure 94. Thunnosauria indet. TY53. A, ?Left forefin in finding position. B, Line drawing of A, showing 
the deformed humerus and associated zeugopodial elements as well as a portion of the coracoid.
Pelvic girdle – Portions of four bones bones are exposed (fig. 94). The largest bone likely corresponds 
to the femur, according to its topographical orientation and its proximodistally-elongated outline in 
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comparison to its anteroposterior thinner outline. Ventral or dorsal orientation of this bone is unclear.
A second element is roughly triangular and contacts the femur. This bone is tentatively assigned 
to the proximal portion of the contralateral femur. Two of its apices likely represent the dorsal and ventral 
processes. Two small portions of bones probably correspond to ilium or ischiopubis, but this is uncertain.
Figure 95. Thunnosauria indet. TY53. A, Caudal portion of the vertebral column with articulated 
preflexural vertebrae. The black square indicates the pelvic girdle region. B, Detail of the pelvic girdle. 
C, Line drawing of B. 
Associated specimen: Several unidentified skull bones from the basicranium of likely another specimen 
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of ichthyosaur much smaller, lying in the same strata than TY53. This specimen possibly corresponds to 
a neonate of the same specie, according to the size of the exposed portion, which is 5.17 times smaller 
than the rest of the exposed skeleton of TY53 (fig. 90).
4.8.2 Remarks and discussion
The two specimens discussed here present continuously furrowed ribs, unlike M. hauthali in 
which the furrow of the ribs reach until its mid-shaft.
 Rib furrows occur in the thunnosaurids Temnodontosaurus spp., Ichthyosaurus communis, 
Hauffiopteryx typicus, Stenopterygius quadriscissus, Ophthalmosaurus icenicus, Platypterygius 
hercynicus, Sveltonectes insolitus and Malawania anachronus (Motani, 1999; Sander, 2000; Fischer et 
al., 2011b; Fischer et al., 2013b). TY53 also shows the characteristic eight-shape cross-sections of ribs 
proving the existence of both anterior and posterior furrow, as is seen until the mid-shaft in the ribs of 
M. hauthali (see the first part of this chapter). This significant furrow pattern indicates that the exposed 
portion corresponds to the dorsal part of the skeleton, because the anterior and posterior furrows of the 
ribs are confluent with capitulum and tuberculum. 
TY53 and TY55 are considerably bigger than all other ichthyosaur specimens discovered in the 
Tyndall area. The maximum height of vertebrae is 90 mm in TY53 (total estimated total length: 6 m), 
compared with the maximum 76 mm measured in the dorsal vertebrae of adults of M. hauthali (length of 
adults are between 3 and 4 m). In juveniles of M. hauthali the maximum size does not reach 60 mm in 
high (length of the juveniles are between 1 m and > 2 m). 
The different size between the vertebrae of TY53 and TY55 (TY53 posses dorsal vertebrae higher 
and larger than the dorsal ones of TY55, see description above) might be related with a difference in the 
ontogenetical stage of the two specimens. According to this, it is likely that TY53 was an adult individual 
while TY55 was a sub-adult or juvenile. However, the morphological data are so unsecure that this 
assumption remains speculative.
High rectangular dorsal neural spines with respect to their length, seen in TY55, have also been 
described from Ichthyosaurus communis, Stenopterygius quadriscissus and Ophthalmosaurus icenicus 
(Buchholtz, 2001). Neural spines that are higher than their respective centra have also been described 
for Acamptonectes densus (Fischer et al., 2012). High neural spines have been interpreted to increase 
the attachment surface of the epaxial musculature (Frey, 1988). In that case they must have contributed 
                                                                                                                              Chapter 4. Taxonomy  
240
to increasing the force of the propulsion, which would be coincident with the capacity of deep dives. 
Additionally the increase of muscle mass increases the recoil resistance (Long and Nipper, 1996; 
Buchholtz, 2001). 
The sizes of ribs of TY53 and TY55 are anteroposteriorly much wider with respect to their 
dorsoventral length than those observed in adults of M. hauthali (14 mm max. width in TY56 and 18 
mm in TY53 and TY55). Anteroposterior wide ribs and the presence of gastralia may have contributed 
to body stiffness in the thoracoabdominal region. 
Myobradypterygius hauthali and Ophthalmosauridae indet. (see above) from the Tyndall 
locality show low neural spines when compared to those of TY55, implicating a smaller surface for the 
attachment for the epaxial musculature and therefore a less powerful propulsion. According to Webb 
and Blanke, (1985: in Buchholtz, 2001) “Animals with relatively long ribs have deep bodies, associated 
with body stiffness, high swimming speeds, and the minimization of recoil”. The differences in body 
size and different rigidities of a trunk must therefore have dictated different hunting behavior, reducing 
competition (Buchholtz, 2001).
The reconstruction of the coracoids of TY53 suggests a size, which would be too much small for 
the associated bones; therefore the specimen likely represents a composite of at least two individuals. 
The forefin of TY53 is unique from the Tyndall locality in the presence of few and proximodistally 
elongated elements. Alternatively, plastic deformation detected in this individual certainly has affected 
the original shape of other bones as observed in the humerus and pectoral elements. 
A morphology similar to the forefin of TY53 has not yet been recorded for any Cretaceous 
ichthyosaurs. The forefin of Malawania anachronus from the Hauterivian-Barremian of Iraq is 
characterized by a similar archaic morphology (Fischer et al., 2013b), but it differs by notches in some 
of its elements (ulna, intermedium), which are not seen in the exposed zeugo-and mesopodial elements 
of the TY53 forefin. 
Forefins with only a few and proximodistally longer elements as those of the forefin of TY53 are 
common in ichthyosaurs from the Middle–Lower Triassic to Upper Jurassic, e. g. Cymbospondylus spp. 
(Anisian; Middle Triassic); Mixosaurus spp. (Anisian–?Ladinian; Middle Triassic); Californosaurus spp. 
(Upper Carnian; Upper Triassic); Torectocnemus spp. (Upper Carnian; Upper Triassic); Shastasaurus spp. 
(Upper Carnian; Upper Triassic); Leptonectes tenuirostris (Uppermost Triassic to Lower Sinemurian; 
Lower Jurassic) (fig. 95 A–J). Even though, TY53 does not share the exact forefin morphology of these 
ichthyosaurs, in particular regarding the absence of notches in the anterior and posterior margins of the 
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forefin.
An anteroposteriorly wider proximal margin of a zeugopodial element (78 mm) in comparison to 
its reduced distal margin (50 mm) is detected in TY53 and also seen in the ulna of Ophthalmosauridae 
indet. MLP 92-III-2-1 from the Aalenian–Bajocian of Neuquén basin in Argentina (Fernández, 2003) 
(fig. 95 J). The posterior margin of the ulna of this specimen is concave and the anterior one convex, 
similar to this element in TY53. The ulna of the Argentinean taxon is proximodistally larger than its 
anteroposteriorly width, as also seen in the zeugopodial element of TY53. The ulna of MLP 92-III-2-1 
distally articulates with another element roughly rounded in shape with a convex posterior margin and a 
proximodistally shorter anterior margin, similar to the seen in TY53.
Despite the zeugopodial elements are not completely exposed in TY53, the better-exposed element 
indicates that it correspond to the ulna, according to the following features: (1) the distal articular facet of 
the humerus for the articulation with the best-exposed zeugopodial element (here identified as the ulna) 
is anteroposteriorly wider and proximodistally larger than its opposite articular facet. This coincides with 
the outline of the proximal margin of the best-exposed zeugopodial element (in this case the element 
identified as the ulna). (2) The proximal margin of the contralateral zeugopodial element (the radius) is 
exposed. The ulna is anteroposteriorly wider than the radius (fig. 95 A). An ulna wider than the radius 
is seen in several ichthyosaurs (Motani, 1999; McGowan and Motani, 2003; Fernández and Aguirre-
Urreta, 2005; Pardo Pérez et al., 2012), but there are ophthalmosaurids in which the radius is larger and 
wider than the ulna  (e.g. Caypullisaurus bonapartei Fernández, 1997), or in which the two bones are 
equal size as in Platypterygius australis (Zammit et al., 2010).
Fischer et al. (2012) suggested that the concave and edged posterior surface of the ulna is 
characteristic of ophthalmosaurine ophthlamosaurids. The ulna exposed in TY53 shows a concave 
posterior margin, which may correspond to a concave posterior surface of the ulna. Unfortunately, the 
bone is only seen in two-dimensional view and the edge shape described by Fisher et al. (2012) cannot 
be confirmed. 
The partial forefin of A. densus differs from the exposed portion of the TY53 forefin by a humerus 
with three distal articular facets instead of the two detected in TY53. In A. densus the distal articular facet 
for articulation with the ulna is markedly deflected posteriorly, whereas in TY53 the distal articular facets 
of the humerus for articulation with the radius and ulna indicates a straight horizontal alignment (fig. 95 
A). In addition, the zeugopodial elements of the A. densus forefin are markedly larger in size than those 
of TY53, even though this character likely is un-diagnostic. 
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Figure 96. Comparative drawing of ichthyosaurs forefins from Middle Triassic to the Early Cretaceous 
species. A, Forefin of the Tyndall specimen TY53. B, Mixosaurus spp. (Anisian–?Ladinian; Middle 
Triassic). C, Cymbospondylus spp. (Anisian; Middle Triassic). D, Shastasaurus spp. (Upper Carnian; 
Upper Triassic). E, Torectocnemus spp. (Upper Carnian; Upper Triassic). F, Californosaurus spp. (Upper 
Carnian; Upper Triassic). G, Leptonectes tenuirostris (Upper-most Triassic to Lower Sinemurian; Lower 
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Jurassic). B–G from McGowan and Motani (2003). H, Malawania anachronus (Hauterivian–Barremian; 
Early Cretaceous), from Fischer et al. (2013). I, Acamptonectes densus (Hauterivian; Early Cretaceous), 
from Fischer et al. (2012). J, Ophthalmosauridae indet. (Aalenian–Bajocian; Middle Jurassic), from 
Fernández (2003). (B–H not scale). The orientation of the forefins is not specified. 
According to the articulated portion of vertebral column exposed in TY53, the specimen may 
have reached a length of 6 m or more and thus substantially larger than specimens referred to M. hauthali 
and other ophthalmosauridae indet. from the Tyndall locality (see above). TY55 may have reached 4 or 
5 m, according to the reduced size of the exposed skeleton compared with the one of TY53.
A markedly proximodistally elongated zeugopodial and mesopodial elements, seen in TY53 and 
TY55, are typical features of Middle-Late Triassic to Early Jurassic species. It is tentatively suggested here 
that the Tyndall specimens belong to a new clade of basal ophthalmosaurids that evolved during the Jurassic 
and survived the Jurassic–Cretaceous boundary. If the most completely exposed zeugopodial element 
in TY53 really corresponds to an ulna, its concave posterior margin represents an ophthalmosaurinae 
feature and may then indicate assignation to a clade with A. densus and Ophthalmosaurus spp. This 
assumption is speculative to date. Additional material is needed to consolidate the speculation to a 
hypothesis. A similar endemic radiation was reported by Fischer et al. (2013b) based on M. anachronus. 
This Hauterivian –Valanginean Cretaceous taxon also presents an archaic forefin architecture similar to 
the ones of Early Jurassic ichthyosaurs (see above), which provides stabilization during locomotion. 
TY53 and TY55 are here identified as Thunnosauria indet. Motani, 1999, because of the two 
furrows at the anterior and posterior margins of the ribs. Taxonomic assignation beyond family level and 
the reconstruction of relationship of these individuals within ophthalmosaurines is pending.  
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Figure of the chapter cover: Paleogeographic scheme of the early Cretaceous (120 myr. approx.), 
indicating the possibly dispersal routes of ichthyosaurs during that time.
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Ophthalmosaurids originated during the Middle Jurassic and are considered as the only diverse, 
widely distributed ichthyosaur group present from the late Middle Jurassic (Maxwell et al., 2012a) to 
the early Late Cretaceous (late Cenomanian) (Bardet et al., 1994; Fischer et al., 2013b). The oldest 
ophthalmosaurid record is from the Aalenian-Bajocian of Mendoza Province in Argentina (Fernández, 
2003; Gasparini and Fernández, 2006; Maxwell et al., 2012a; Fernández and Talevi, 2013). The 
ophthalmosaurine Mollesaurus periallus is recorded in the Bajocian of Los Molles Formation (Fernandez, 
1999; Fernández and Talevi, 2013). Recently, Druckenmiller and Maxwell (2013) also described cranial 
remains of an ophthalmosaurine ichthyosaur from the early Bajocian of Alaska. Ophthalmosaurines 
become abundant in the Northern Hemisphere by the Callovian as recorded from the Oxford Clay 
Formation (Callovian-Kimmeridgian) of England (Ophthalmosaurus icenicus (Seeley, 1874; McGowan 
and Motani, 2003)) and the upper part of the Sundance Formation (Oxfordian) of Wyoming, USA 
(Massare et al., 2006). In the southern hemisphere, they have been found in the Callovian of Mendoza 
Province, Argentina (Ophthalmosaurus natans (Rusconi, 1940, 1942; McGowan and Motani, 2003; 
Massare et al., 2006)).
Ophthalmosaurid ichthyosaurs become widespread during the Late Jurassic and Early Cretaceous. 
Remains are known from Cuba (Fernández and Iturralde-Vinent, 2000), USA (Nace, 1939; McGowan, 
1972; McGowan and Motani, 2003), Canada (Maxwell and Caldwell, 2006a, 2006b; Druckenmiller 
and Maxwell, 2010; Maxwell, 2010), Russia (Arkhangelsky, 1997, 1998, 2001; Efimov, 1998, 1999a, 
1999b; Arkhangelsky et al., 2008; Fischer et al., 2011a, 2013a, Zverkov et al., 2015), France (Fischer et 
al., 2011b; Fischer, 2012), Norway (Druckenmiller et al., 2012), Germany (Broili, 1907; Bardet et al., 
1994; Bardet and Fernandez, 2000; McGowan and Motani, 2003; Kolb and Sander, 2009; Fischer et al., 
2012), Mexico, (Buchy and López-Oliva, 2009; Buchy, 2010), Argentina (Gasparini, 1988; Fernández, 
1997a, 2007; Fernández and Aguirre-Urreta, 2005; Fernández and Maxwell, 2012), UK (Carter, 1846; 
Lydekker, 1888; Boulenger, 1904; McGowan and Motani, 2003; Fischer et al., 2012), Colombia (Páramo, 
1997), Italy (Sirotti and Papazzoni, 2002; Zammit, 2012), Australia (M’Coy, 1867; Wade, 1984, 1990; 
Zammit et al., 2010), New Zealand (Sachs and Grant‐Mackie, 2003; Zammit, 2012), India (Bardet, 1992; 
Underwood et al., 2011; Zammit, 2012), Madagascar (Fernández, 1997b) and Antarctica (Whitham 
and Doyle, 1989; Hikuroa, 2009). This demonstrates a worldwide distribution of the group as well as 
an increase in diversity in the Eastern Pacific and Eurasian provinces during the Tithonian and Early 
Cretaceous. Faunal exchange between the regions may be related to the presence of the Hispanic Corridor 
(Smith, 1983; Gasparini, 1985, 1992; Gasparini and Fernández, 1997; Gasparini and Iturralde-Vinent, 
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2006), which allowed for faunal exchange and acted as an intermittent seaway from the Toarcian onwards 
(Damborenea and Manceñido, 1979; Von Hillebrandt, 1981; Hallam, 1983; Stanley, 1994). Ammonites 
(Riccardi, 1991; Salazar, 2012), ostracods (Whatley and Ballent, 2011), pectinoid (Damborenea and 
Manceñido, 1979; Aberhan, 2001) and other bivalves (Hallam, 1983) indicate that an exchange of marine 
invertebrates was possible between the Eastern Pacific and the Western Tethys ocean since the Tithonian 
or early Berriasian. Moreover, the record of pliosauroids, plesiosaurids, marine crocodyliforms (Gasparini 
et al., 2002; Buchy et al., 2006; Gasparini and Iturralde-Vinent, 2006; Buchy, 2007, 2008; Gasparini, 
2009), pleurodiran turtles (De La Fuente and Iturralde-Vinent, 2001) and ophthalmosaurid ichthyosaurs 
(Fernández and Iturralde-Vinent, 2000; Buchy and López-Oliva, 2009; Buchy, 2010), discovered in the 
vicinity of the Hispanic Corridor suggest that it may have acted as a seaway for many ancient marine 
reptiles (Fernández and Maxwell, 2012) as well as the large planktivorous osteichthyan Leedsichthys 
(Liston, 2010). 
In the Southern Gondwana ichthyosaur records from different localities of the northern Chile 
(Ichthyosauria indet. Late Triassic to Early Jurassic (Suárez and Bellt, 1992; Pardo Pérez et al., 2015)), 
the Aalenian-Bajocian of Mendoza Province in Argentina (Mollesaurus periallus (Fernández, 2003; 
Gasparini and Fernández, 2006; Maxwell et al., 2012a; Fernández and Talevi, 2013) and the Late 
Kimmeridgian – Middle Tithonian of Ellsworth Land of Antarctic (Ichthyosauria indet. (Hikuroa, 2009)), 
demonstrate that ichthyosaurs, more likely ophthalmosaurid ichthyosaurs used the Eastern Pacific 
currents for dispersion to the South.  
A shallow epicontinental seaway opened during the late Tithonian - Berriasian between East 
Africa and Southern Patagonia (the ‘Trans-Erythraean Seaway’ (Arkell, 1956; Hikuroa, 2009), ‘South 
Africa/Rocas Verdes seaway’ (Shultz et al., 2003), ‘Indo-Madagascan sea-way’ (Cecca, 1999) or ‘Indo-
Austral seaway’ (Salazar, 2012; Stinnesbeck et al., 2014)), allowed for an intermittent exchange of 
marine taxa between the Eastern Tethys and the Eastern Pacific, although physical barriers remained 
(i.e. Mozambique Ridge, Malvinas Plateau, Agulhas Plateau, Dronning Maud Land). The existence of 
this marine connection is suggested by the record of belemnites (Mutterlose, 1986; Challinor, A. B 
and Hikuroa et al.,, 2007), crinoids (Eagle and Hikuroa, 2003), gastropods (Hikuroa and Kaim, 2007), 
bivalves (Riccardi, 1977, 1991; Hikuroa, 2004) and ammonites (Riccardi et al., 1987; Riccardi, 1991; 
Leanza, 1996; Salazar, 2012). Nevertheless, there is still no certainty about the precise age at which this 
southern corridor would have worked effectively for passage of marine vertebrates.
Findings from the Portlandian (Tithonian) of Ankilivalo, Province of Tulear, Madagascar 
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(Brachypterygius sp. and Ichthyosauria incertae cedis (Fernández, 1997b)) and the late Albian to Turonian 
of Karai Formation, South India (Platypterygius indicus ? (Lydekker, 1879; Underwood et al., 2011; 
Zammit, 2012)), suggest that ichthyosaurs probably might have started to use the Southern corridor by 
the end of the Tithonian (Gasparini, 1992; Fernández, 1997b). Nevertheless to the present knowledge 
the absence of lower Jurassic reports from the surrounding areas of the Southern corridor do not allow to 
reinforce the assumption of its use as a marine vertebrates-pathway starting in the Tithonian. In addition 
to this, geographical barriers such as those mentioned above, may not have allowed the passage of large 
marine vertebrates, but of marine invertebrates faunas. The scarcity of ichthyosaurs findings from the 
surrounding localities of the Southern corridor might be related to search efforts or to the existence of an 
austral-most corridor between the coasts of Eastern Antarctica, South New Zealand – New Caledonia, 
Western Australia and Western India, which may have been used by large vertebrates for migrations to 
the Eastern Tethys, while the Southern corridor was in expansion process (fig. 97 A). However, there is 
currently no evidence to reinforce its existence.
The Rocas Verdes Basin opened during the Late Jurassic as a consequence of the breakup of 
Gondwana, particularly by the rifting of South America and West Antarctica (Dalziel, 1981; Fildani and 
Hessler, 2005; Calderón et al., 2007; Stinnesbeck et al., 2014). Precise paleogeographic reconstructions 
do not exist for this sector (Stinnesbeck et al., 2014), but the Rocas Verdes was reported to be a highly 
partitioned basin, and its relative position with the Antarctic Peninsula is controversial (Fildani and 
Hessler, 2005; König and Jokat, 2006; Stinnesbeck et al., 2014). To the west, the Rocas Verdes Basin 
my have connected with the eastern South Pacific, and to the east, with the proto-Atlantic and west-east-
trending rift system between Africa, South America, and the Australoantarctic complex (Schultz et al., 
2003; Reguero et al., 2013; Stinnesbeck et al., 2014) (fig. 96) 
The ophthalmosaurid Myobradypterygius hauthali has only been recorded in the Neuquén Basin 
of Argentina (Barremiano) (Fernández and Aguirre-Urreta, 2005) and in the Rocas Verdes Basin (Early 
Cretaceous). The local presence of M. hauthali in the southernmost part of South America might by 
explained by the dispersion of ophthalmosaurids from Eurasia to the Southern hemisphere through 
the Eastern Pacific. In the Southern hemisphere the Southern corridor was not completely open and 
effective for interchange of macrofauna and ichthyosaurs were thus isolated by a geographical barrier. 
The isolation allowed the group to settle and specialize, which might be the explanation of endemic 
species in Southern Patagonia. 
Morphological similarities between ophthalmosaurid ichthyosaurs from the Rocas Verdes Basin at 
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Tyndall (TY25, TY17, TY05, CPAP0003) with Eastern Tethyan faunas, suggest that a faunal interchange 
existed between the Northern and Southern Hemisphere using the Eastern Tethys as a dispersal pathway, 
likely after the Southern corridor was completely opened and effective for the passage of large marine 
vertebrates (fig. 97 B).
The palaeontological evidence presented here suggests that both the Hispanic Corridor and the 
Southern corridor may have been functional pathways during the late Jurassic to early - late Cretaceous, 
acting intermittently for faunal interchange between Western and Eastern Tethys and Southern margin of 
Gondwana (fig. 97 A-B).
The abundance and diversity of ichthyosaurs in the Tyndall region is thus important not only 
for a better understanding of the distribution and dispersion of these marine reptiles in the Southern 
Hemisphere, but also for the timing of the geotectonic fragmentation of Gondwana (Stinnesbeck et al., 
2014).
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Figure 97. A representative drawing showing the aperture of Rocas Verdes Basin during the Late Jurassic. 
The image is courtesy of INACH. 
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Figure 98. Paleogeographic scheme of the late Jurassic and early Cretaceous: A, Late Jurassic (150 
myr. approx.). Towards the end of the Tithonian to early Berriasian, the Hispanic Corridor might have 
connected the Northern Hemisphere faunal with those of the South. The Southern corridor (‘South African/
Rocas Verdes Corridor’) in the Southern Hemisphere was starting to open, but it was not completely 
effective. The isolation produced in the Southern Hemisphere might have allowed the specialization of 
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the ophthalmosaurid group. B, Early Cretaceous (120 myr. approx.). Ichthyosaurs from the Southern 
Hemisphere might have connected with those of the oriental Tethys thru the now effective Southern 
corridor, while the Hispanic Corridor continued acting as a marine pathway in the Northern Hemisphere. 
The black stars indicate the localities were have been found ophthalmosaurid ichthyosaurs. The white 
stars indicate M. hauthali in the Neuquen and Rocas Verdes Basins. Black dotted lines indicate the 
possible dispersive routes of ophthalmosaurids. Image modified from Riccardi (1991) and Shultz et al., 
(2003). 
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Three field campaigns allowed for the record of 46 ichthyosaurs, most of them articulated and 
complete, as well as for the discovery of associated faunal elements such as teleost and ganoid fishes, 
land plants, belemnites and ammonites.
Ichthyosaurs recorded in the Tyndall Glacier area of the Torres del Paine National Park are 
tentatively assigned to the Zapata Formation (Tithonian to Berriasian – Albian), according to geological 
mapping of the area, the absence of volcanism in the sediment and the presence of ammonites, Lissonia 
roveroi, Favrella americana, Pseudofavrella cf. robusta, Pseudofavrella cf. garatei, Crioceratites 
andinum, Crioceratites diamantensis, and Aegocrioceras sp., indicative of Valanginian and Hauterivian 
age (140–130 Myr.)
Turbidity flow events initiated at the shelf edge or on the upper slope and continued within 
a submarine canyon. They must repeatedly have caught the ichthyosaurs hunting inside the canyon, 
dragging them into the deep water. The extreme force of these flows was evidenced by broken belemnite 
rostra (fig. 4 A, B).
The oxygen balance of the animals became so low that they were unable to return to the surface 
for respiration. They drowned and theeir carcasses were transported downslope where they were instantly 
buried by the fine–grained tail sediments of the flows (fig. 21). High hydrostatic pressure, combined with 
low seawater temperatures in the deep basin (of several hundred to thousands of meters) prevented a 
refloating of the carcasses. The anoxic environment and the rapid depositation of carcasses, the absence 
of scavengers and an early diagenetic mineralization have helped in the preservation of complete and 
articulated ichthyosaurs and make the locality a conservation Lagerstätte.
A thin section of a vertebra of a specimen (CPAP0004) demonstrated that compaction did not 
affect the bones. Nevertheless it was not possible to take thin sections of other specimens because of the 
scarceness and value of excavated material, but it is expected that the grade of compaction has affected 
some ichthyosaurs more than other. Pyrite grains found in thin sections reinforce the hypothesis of a 
depositation of the carcasses in a deep marine environment with low oxygen values (fig. 13). A mix of 
pyrite and calcite infilling some portions of bone suggest an early diagenesis.
The glacial abrasion polished the sediment and the skeletons, which hampered the taxonomical 
identification. Because of the topography of the locality, some portions of the skeletons were affected 
by abrasion while others remain embedded in the sediment (fig. 14). This is evidenced by excavated 
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specimens that indicate that embedded portions of the skeleton are still complete (fig. 15). The erosion 
produced by the wind, rain and temperature change continues to erode the osseous material causing 
fractures and loss of the fossil material, which makes it urgent to take action in the ‘in situ’ conservation 
of the specimens that cannot be excavated.
A mix of taphocoenoses and tanatocoenoses was detected in the Tyndall locality. The preservation 
of complete and articulated skeletons of ichthyosaurs supports the hypothesis of a rapid or instantaneous 
burial by repeated turbiditic flows (figs. 16, 20, 23). Minor disarticulation indicates an ‘in situ’ 
disassociation (fig. 17 A–D). 
Three types of preservations differentiate the ichthyosaurs from the Tyndall locality. 1) 
Ichthyosaurs that were dragged down by turbidity flows and presumably died in agony after deposition 
(fig. 18–20). 2) Ichthyosaurs, which were dragged down by turbiditic currents and presumably died 
before deposition (fig. 21), and 3) Ichthyosaurs, which died of natural internal causes (fig. 22). 
Ichthyosaurs from the Tyndall locality have been assigned to five taxa: Myobradypterygius 
hauthali von Huene, ?Myobradypterygius hauthali, Ophthalmosauridae indet. Platypterygiinae indet. 
and Thunnosauria indet. 
The genus Myobradypterygius hauthali von Huene 1927 has been reestablished according to new 
cranial and postcranial material obtained from 9 individuals from the Tyndall fossil locality. These allow 
us to complement the original diagnosis. The new specimens agree with the material described by von 
Huene, (1927) by having a humerus with three distal articular facets, although specimens exist with only 
two facets, an intermedium which is symmetrically hexagonal and a forefin with numerous rectangular 
tightly packed phalanges. 
Myobradypterygius hauthali was synonymized with the genus Platypterygius in 1972, but 
the actual status of Platypterygius is not clear and according to several authors the diagnosis needs 
actualization. The new cranial and postcranial information obtained from the material complements the 
original diagnosis, which was based in a humerus, isolated fragments of forefin and vertebrae (fig 25). 
Therefore eight unique features characterize M. hauthali, while an additional nine features are shared 
with other ichthyosaurs. 
Five ontogenetic stages are present in Tyndall M. hauthali: adults, subadults, juveniles, neonates 
and embryos, as well as sexual dimorphism with at least one female pregnant (fig. 51). 
Five specimens have been assigned to Ophthalmosauridae indet. 1, Ophthalmosauridae indet. 
2 and Ophthalmosauridae indet. 3, due to a marked differentiation in the shape and organization of 
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hind fin elements, which does not allow for a unification of this group and which likely represent three 
different and new ophthalmosaurid species. From these, the hind fin of two specimens, TY17, TY05 and 
the forefin of CPAP0003 (fig. 73 and 80), show a configuration similar to the forefin of Undorosaurus 
and Cryopterygius from the Volgian of Russia and Norway, but with differences in the shape of the 
zeugopodial elements and the number of pre-and postaxial digits (fig. 82). The similarities of the three 
Tyndall specimens with Undorosaurus and Cryopterygius suggest this group may form an un-documented 
Undorosaurus–like clade.
Teeth have been found in one specimen (TY16). The elongated and sharply pointed teeth were 
likely used as a piercing instrument (fig. 88). The teeth of TY16 differ from the ones of Undorosaurus, 
Brachypterygius and Platypterygius spp., which are robust and large (ratio 2.6 to 4 approx.) and are similar 
to the ones of the Platypterygiinae ichthyosaurs Sveltonectes insolitus, Simbirskiasaurus birjukovi and 
Sisteronia seeleyi (fig. 89). Therefore this specimen has been assigned to the subfamily Platypterygiinae.
M. hauthali was edentulous, but shared the same ecological niche as dentate ichthyosaurs. 
According to the abdominal content and pellets found in some specimens with and without teeth, these 
ichthyosaurs feed on teleost fishes and may have hunted in a similar way. Edentulous ichthyosaurs like 
M. hauthali smashed their prey with their jaws. 
Two specimens from the Tyndall locality (TY53 and TY55; figs. 90 and 91) are markedly bigger 
than the rest of the specimens recorded from this locality. They are characterized by laterally thickened 
ribs with furrows, which reach up to their ventral margin, unlike M. hauthali in which the furrows 
reach until the mid-shaft only. TY53 and TY55 possess high and rectangular neural spines for a greater 
attachment surface of epaxial musculature, which may have contributed to an increase of thrust force 
and capacity to dive. M. hauthali presents lower neural spines. Thorax musculature must have been 
more evolved as the larger total body size may have dictated a different hunting behavior, reducing 
competition.
TY53 is characterized by a forefin with extremely high and wide zeugopodial elements and with 
mesopodial elements almost three times proximodistally shorter (fig. 93); this feature resembles the forefin 
architecture of ichthyosaurs from the Middle-Lower Triassic to Upper Jurassic (fig. 95). Nevertheless the 
forefin of TY53 does not show notches as the forefins of these basal ichthyosaurs. 
TY53 and TY55 are unlike any other Cretaceous ichthyosaur. Their morphology suggests that 
they may belong to a new clade of basal ophthalmosaurids that evolved during the Jurassic and survived 
the Jurassic-Cretaceous boundary.
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TY53 is characterized by an evolved vertebral column with high neural spines adapted for deep 
dive, but with a forefin presenting archaic structure. This suggests that the fins of ichthyosaurs evolved 
independently from the axis of the body. 
The Tyndall fossil locality is presently the austral-most locality with the largest number of 
complete and articulated ichthyosaurs known from the southern hemisphere so far. 
Similarities of Tyndall specimens with late Jurassic ichthyosaurs from Eurasia (mainly Russia 
and Norway) suggest a faunal exchange between faunal elements from the Northern Hemisphere and the 
South. The ichthyosaurs may have dispersed using the Hispanic Corridor as a dispersal pathway, which 
started to be operative for faunal exchange by the end of the Jurassic (fig. 97 A).
The Rocas Verdes Basin opened towards the late Jurassic as a consequence of a breakup of 
Gondwana and rifting between South America and west Antarctica.  Ophthalmosaurids reached the area 
coming from Eurasia. The Rocas Verdes Basin may have been isolated by a geographical barrier, which 
allowed the group to settle and specialize into several species endemic to southern Patagonia. 
The epicontinental seaway between East Africa and Southern Patagonia (named ‘South Africa 
/ Rocas Verdes seaway’, ‘Trans-Erythraean Seaway’, ‘Indo-Madagascan seaway’ or ‘Indo-Austral 
seaway’) started to open during the late Tithonian–Berriasian and allowed for an intermittent exchange 
of invertebrate marine taxa, although the precise age in which this corridor was operative for vertebrate 
faunal elements is still unknown. Ichthyosaurs found in the vicinity of this corridor (Late Kimmeridgian 
– Middle Tithonian) of Ellsworth Land of Antarctica, the Tithonian of Madagascar and the late Albian 
to Turonian of South India, suggest that ichthyosaurs may have used this corridor as a pathway by the 
end of the Tithonian. Nevertheless the absence of reports from surrounding areas of the corridor does not 
allow to reinforce this assumption. Besides this, geographical barriers such as the Mozambique Ridge, 
Malvinas Plateau, Agulhas Plateau, Dronning Maud Land may not have allowed the passage of large 
vertebrates in that time. 
The presence of ichthyosaurs in the Tithonian of Madagascar might be explained by the existence 
of an austral-most corridor between the coasts of Eastern Antarctica, South New Zealand – New Caledonia, 
western Australia and western India (fig. 97 A), which might have been used while the southern corridor 
was in expansion, however there is currently no evidence to support this hypothesis.
According to the similarities of some ichthyosaurs from the Tyndall locality with early Cretaceous 
ichthyosaurs of Russia, platypterygiinid ichthyosaurs may have returned to the Northern Hemisphere 
through the southern corridor, after it was completely opened and effective for the passage of large 
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vertebrates, using the eastern Tethys as a dispersal pathway (fig. 97 B).
The evidence suggests that both the Hispanic Corridor as the southern corridor should have 
been functional pathways for an intermittent interchange of marine vertebrates between the western and 
eastern Tethys during the late Jurassic and the early-late Cretaceous (fig. 97 B).
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